i M PER1AL , IN STITUTE 
AgRICULTU RAL ' RESEARCH, PUSA. 






Annals of Botany 


EDITED BY 

V. H. BLACKMAN, Sc.D., F.'R.S. 

PROFESSOR OF PLANT PHYSIOLOGY AND PATHOLOGY, IMPERIAL COLLEGE OF 
SCIENCE AND TECHNOLOGY, LONDON 

AND 


R. THAXTER, M.A., Ph.D. 

PROFESSOR OF CRYPTOGAMlC BOTANY IN HARVARD UNIVERSITY, CAMBRIDGE, MASS., UJA 

ASSISTED BY 

D. H. SCOTT, M.A., LL.D., D.Sc., F.R.S. 

LATELY HONORAKY KEEPER OF THE JODSELL LABORATORY, ROYAL BOTANIC GARDENS 

J. B. FARMER, M.A., LL.D., D.Sc., F.R.S. 

PROFESSOR OF BOTANY, IMPERIAL COLLEGE OP SCIENCE AND TECHNOLOGY', LONDON' 

F. W. OLIVER, M.A., D.Sc, F.R.S. 

QCAIN PROFESSOR OF BOTANY, L'lNIVERSITY COLLEGE, LONDON 



AND OTHER BoTANISTS 


VOLUME XXXVIII 


With" eighteen Plates and 


four hundred and twelve Figures in the Te 



LONDON 

HUMPHREY MILFORD, OXFORD UNIVERSITY PRESS 
AMEN CORNER, E.C. 

Edinburgh,' Glasgow, Hew York, Toronto 
,'' v'C apk.Tow,' and: Bomba^,, 


1924 



PRINTED IN ENGLAND 
AT THE OXFORD UNIVERSITY PRESS 
BY FREDERICK HALL 



CONTENTS 


No. CXLIX, January 1924. page 

SarbABHIKAri, P. C.—Cytology of Osmunda and Boodia. I. On the Somati'" id Metric 

Mitoses of Boodia. With Plates I-V ......... i 

Sturch, pi. H.—On the Life-history of iarveyella pachyderma and H. miiabilis. With 

twenty-two Figures in the Text.. * . 27 

Williams, S.—The Anatomy of the Branching Fronds of some Cultivated Varietids c Ferns. 

.. ; With fifty-three Figures in the Text . . . . . , . . • *43 

Vyvyan, M. C.—Studies of the Rate of Growth of Leaves by a Photographic Method. I, The 
Determinants of the Rate of Growth of First Leaves of Phaseolus vulgaris. With 
five Figures and nine Graphs in the Text. 59 

Bagchee, Krishnadas.—T he Spermatogenesis of Anthoceros laevis, L. With Plate VI . 105 

Boyle, C.—Studies in the Physiology of Parasitisrn. X. The Growth Reactions of Certain 

. Fungi to their Staling Products. With five Figures in the Text . . . • t 

Moore, Enid S.—The Physiology of F'usariuih coenileum. With Plates VII and VIII . 137 

■ Snow, R.—Further Experiments on the Conduction of Tropic Excitation. With six Figures 

in the Text . , . . . . . ... . . . 163 

Fry, E, Jennie.—A Suggested Explanation of the Mechanical Action ofLithophytic Lichens 

on Rocks (Shale). With ten figures in the Text . . . , . . • I 75 

Newton, W. C. F.—Studies on Somatic Chromosomes. I. Pairing and Segmentation in 

‘Galtoma, With Plate IX and three Figures in the Text . . . • - « ^97 

■ NOTES. 

Brew, Kathleen M.—An Abnormal Pro-embryonic Branch of Chara vulgaris, L. With 

two Figures in the Text . . , . . , . . . - • - 207 

Stiles, Walter, and Bellow, Margaret E.—A Note on the Dormancy of the Seeds of 

Lathyrus maritimus . . . . . - . . . . . - * - 209 

Granger, K., and Horne, A. S,—-A Method of inoculating Apples. With six Figures in the 

■ Text ' . . . ' . \ . . . ; . ■ ■ - , - 212' 

. PosTHUMUS, O.—Osmundites Kidstoni, Stopes . .... . - . . 215 


No. CL, April-1924. ' 

Lewis, Francis J., and Dowbing, E. S.—-The Anatomy of the Buds of Coniferae* With 

twe'lve'Figures, in the Text . . • "217 

Arber, AGNES.-~-Banae, Riiscus, and Semele: a Morphological Study. With fifty Figures 

'in the'Text^ . ■. :■ 229 

Smith, Edith Philip, —^The Effect of General Anaesthetics on the Respiration of Cereals. 

1 . Carbon dioxide Production. With nine Figures in the Text . . . . 261 

Wood, F, M,—Contributions to an Investigation of the Chemical Nature of the Cellulose 














¥1 


Contents. 


PAGE 

Stiles, Walter.-— Evaporation in Wind. A Criticism of the Contribution of H. Sierp and 

K. L, Noack to the Physics of Transpiration 299 

Knight, R. C,—The Response of Plants in Soil- and in Water-ciiltnre to Aeration of the 

Roots. With one Figure in the Text ^ . . . . . . . . 305 

Delf, E. Marion, and Grubb, Violet M.—The Spermatia of Rhodymenia palmata, Ag. 

With four Figures in the Text . . . . . . . . ... 327 

Light, Iv. E. — The Ovule *iid the Development of the Female Gametophyte of IMacro2amia 

Fraseri. With Plate X and nventy-six Figures in the Text . . . . . 337 

s^HornEj A. S., and Jones, G, Howard. —A Further Contribution to the Morphology and 

Physiology of the Genus Eidamia. With four Figures in the Text . . . » 35 ^- 

Blackburn, Kathleen B., and Harrison, J. W. PIeslop. —A Preliminary Account of the 
Chromosomes and Chromosome Behaviour in the Salicaceae. With eleven Figures 

in the Text ..361 

>/Brown, W., and Horne, A. S.—Studies of the Genus Fiisarium. I. General Account. . 379 

Smith, Kenneth M. —On a Curious Effect of Mosaic Disease upon the Cells of the Potato 

Leaf. With four Figures in the Text . ..• 3S5 


NOTES. 


Uphof, J. C. Th.—T he Physiological Anatomy of Mayaca duviatilis. With hve Figures in 

the Text . . . . . . . . . . . . . . . 3B9 

Gadd, C. H.—The Swarming of Zoospores of Phytophthora faberi. With two Figures in the 

Text... .394 

Crow, W. B.— Some Features of the Envelope in Coelastruro. With one Figure in the Text 398 
Brown, W.—Two Mycological Methods. 1 . A Simple Method of freeing Fungal Cultures 
from Bacteria, II. A Method of isolating Single Strains of Fungi by cutting out 
a Plyphal Tip. With one Diagram in the Text ...... , 401 

Horton, W.—Note on the Preparation of Herbarium Material for Histological Study . . 404 


No. CLI, July 1924. 

Denham, PIumphrey John.—T he Cytology of the Cotton Plant. I. Microspore Formation 
^ in Sea Island Cotton. With Plates XI~XIV . . . . . . . .407 

Denham, Humppirey JOHN.^—The Cytology of the Cotton Plant. II. Chromosome Numbers 

of Old and New World Cottons. With eleven Figures in the Text . . . . 433 

Bailey, I. W.^—The Problem of identifying the Wood of Cretaceous and Later Dicotyledons: 

Paraphyllanthoxylon arizonense. With Plate XV . . . . . . . 439 

SCHONLANDj'S.'—On'the Theory of ‘ Age and Area ’ . • ... ■ . ' . , . 453 

Campbell, D, H.—A Remarkable Development of the Sporophyte in Anthoceros fusiformis, 

Aust. With eight Figures in the Text . - . . . . • * • 473 

Seward, A. C.—On a New Species of Tempskya from Mqntana: Tempskya Knowltoni, sp* 

nov. With Plates XVI and XVII and three Figures in the Text , . , . 4S5 

/ Adams, J.—Dnration'of Light'and Growth '.■ . ■ . ', - ... . .' , v 509 

Lee, Beatrice, and Priestley, J. H.—^The Plant Cuticle. I. Its Structure, Distribution, 

and Function. With twelve Figures in the Text . . . . . , • 5^5 

Phillips, Reginald W.—On’ the Structure of Spyridia filamentosa, (Wulf.) Harv-, and the 
^ Affinities of the Genus. WitH ten Figures in the Text . . , . , . 547 

Pratt, Clara A.—-The Staling of Fungal Cultures. I. General and Chemical Investigation 

of Staling by Fusarium. With one Figure in the Text . . • . . . . 563 

NOTE. 

Chmielevsky, V, F.—Phototaxis and the Pressure of Light . . * . • ' * £ 9 ^ 











Co7itents. 


vii 


No. CLII, October 1924. page 

Pratt, Clara A.—The Staling of Fungal Cultures. II. The Alkaline Metabolic Products 

and their Effect on the Growth of Fungal Spores. With one Figure in the Text . 599 

Stiles, Walter,—T he Absorption of Salts %'y Storage Tissues. With four Figures in the 

Text.. * . . 617 

Areer, Agnes.—M yrsiphylium and Asparagus: a Morphological Study. With forty-six 

Figures in the Text.. - 6 35 

dRi¥ETT, M. F.—The Root-tubercles in Arbutus Unedo. With fourteen Figures in the Text . 661 

Fetch, T.—Campbellia aurantiaca, Wight, and Christisonia albida, Thwaites. With twenty 

Figures in the Text . . . . . . . . ... . . . 679 

Anderson, V. L.— Some Observations on the Nitrate-reducing Properties of Plants . . 699 

Matthews, J. R.—The Distribution of Certain Portions of the British Flora. II. Plants 

restricted to Scotland, England, and Wales. With five Diagrams in the Text . . 707 

Mockeridge, Florence A.—The Formation of Plant Growth-promoting Substances by 

Micro-organisms .......... ... 723 

Chaudhuri, FI .—K Description of Colletotrichum biologiciim, nov. sp., and Observations on 
the Occurrence of a Saltation in the Species. With Plate XVIII and seven Figures 

in the Text.735 

VPURI, Amur Nath.—E ffect of Methyl and Ethyl Alcohol on the Growth of Barley Plants. 

With three Figures in the Text.745 

Mann, Charles E. T.—The Antagonism betw’een Dyes and Inorganic Salts in their Absorp¬ 
tion by Storage Tissue. With eight Figures in the Text . . . . . . 753 

D.4STUR, R. FI,—Water Content, a Factor in Photosynthesis. With one Figure in the Text . 779 

NOTES. 

Moss, E. H.—-Fasciated Roots of Caltha palustris, L. With five Figures in the Text . . 789 

Hanna, W. F.—The Dr5/-needle Method of making Monosporous Cultures of Hymenomycetes 

and other Fungi, With two Figures in the Text .... . . . 791 

Parkin, J.—Stomata and Phylogeny.. . , , 7r ; i 












INDEX, 


A. ORIGINAL PAPERS AND NOTES. 

PAGE 

Adams, J.—Duration of Light and Growth . .. 

Anderson, V. L.—Some Observations on the Nitrate-reducing Properties of Plants . . 699 

Arber, a.—D anae, Rusctis, and Semele: a Morphological Study, With fifty Figures in the 

Text . ..229 

■ Myrsiphylliim and Asparagus : a Morphological StiidjN With, forty-six Figures in 

the Text.. ^35 

Lagchee, Iv.—The Spermatogenesis of Anthoceros laevis, L. W ith Plate VI • . • ^05 

Bailey, I. W.—The Problem of identifying the W^ood of Cretaceous and Later Dicotyledons : 

Paraphyilanthoxylon arizonense. With Plate XV . . • • ■ • * 439 

Blackburn, K. B., and PIarrison, J. Wh H.—A Preliminary Account of the Chromosomes 

and Chromosome Behaviour in the Salicaceae, Whth eleven Figures in the lext ^. 361 

BoylEj C.—Studies in the Physiology of Parasitism. X. The Growth Reactions of Certain 

Fungi to their Staling Products. With five Figures in the Text . . • ' ^^3 

Brown, W.—Two Mycological l^Iethods, T. A Simple Method of freeing Fungal Cultures 
from Bacteria. IL A Method of isolating Single Strains of Fungi by cutting out 
a Hyphal Tip. With one Diagram in the Text . . . ♦ • ■ • .4®^ 

--and Horne, A. S.—Studies of the Genus Fusarium. I. General Account . . $79 

Campbell, D. H.—A Remarkable Development of the Sj3orop hyte in Anthoceros fusiformis, 

Aust. With eight Figures in the Text . . . ^ ^ • 473 

Chaudhuri, H.—A Description of Colletotrichum biologicum, nov. sp., and Obsen^ationi' 
on the Occurrence of a Saltation in the Species. Whth Plate X\ III and seven Figures 

in the Text . . . . . . ... 

Chmielevsky, V, F.—-Phototaxis and the Pressure ofJL.ight . • • • ' * 

Crow, W. B.—Some Features of the Envelope in Coelastrum. "With one Figure in the Text 398 
Dastur, R, H.—Water Content, a Factor in Photosynthesis. W"ith one Figure in the Text . 779 

Delp, E. M., and Grubb, V. M.—The Spermatia of Rhddymenia palmata, Ag. With four 

Figures in the Text . . . ... * • 3^7 

Dellow, M. F., see Stiles, W. 

Denham, H. J,—The Cytology of the Cotton Plant. X Microspore Formation in Sea Island 

Cotton. With Plates XI^XIV ■ . . . ... . . . 4^7 

---The Cytology of the Cotton Plant, Ti. Chromosome Numbers of Old and 

New W^orlcl Cottons. AVith eleven Figures in fhe Text . . . . . . 433 

Dowding, E. S„ see Lewis, F. J. . ' 

Drew, It, M.—An Abnormal Pro-embryonic Brancb:"''bf Chara vulgaris, L, With two 

.Figures in the Text . , , "V .... ,. 207 

Fry, E. j.—^A Suggested Explanation of the Mechanical Action of Lithophytic Lichens on 

Rocks (Shale). Whth ten Figures in the Text. ‘ . , . . . « . I 76 

Gadd, C. H.-—The Swarming of Zoospores of Phytophthora faberi. AVith two Figures in the 
' 'A,:':':'., Text ■ ■' 394 

Granger, .K,, and'H orne, A," S.—A-, Method of inoculating Apples. 'With six Figures 

' the Text.' '... .. .. . ■ . . :2I2, 

Grubb,. V.'M.--See'D elf,.E. 

Hanna, AA^, F.—The Dry-needle Method of making Monospcrous Cultures of Hymcnomycetes 

and other FungL AA'itH two Figures in the Text . . . . A . . ypi 

Harrison, J... W.*.'.H..,.'See Blackburn,'K. 










X 


Index. 


HorkEj a. S.j see Brown, W. page 

—-see Granger, K. 

-and Jones, G. H.— A Further Contribution to the Morphology and Physiology 

ot the Genus Eidamia. AVith four Figures in the Text , . . . » "35^ 

Horton, 'W .-—Note on the Preparation of Herbarium ^vlaterial for Flistological Study ® « 404 

Jones, G. H., see Horne, A. S. 

Knight, C,—The Response of Plants in Soil- and in "Water-culture to Aeration .of the 

Roots. "With one Figure in the Test . . . . . ' . . • 3^5 

Lee, B., and Priesixey, J. H.— -The Plant Cuticle. I. Its Structure, Distribution,..- and 

Fimctioii. With twelve Figures in the Text ..... . ■ . 525 

Lewis, F., J., and Dowding, E. S.—The Anatomy of the Buds of Coniterae. "W ith twelve 

Figures in the Text.' . . .-v .317 


Light, K, E.—The Ovule and the Development of the Female Gametophyte of Macrozamia 

Fraseri. "VA ith Plate X and twent3’-six Figures in the Text . . • * ,, • 337 

Mann, C. E. 1 .—Ihe Antagonism between Dyes and Inorganic Salts in their Absorption by 

Storage Tissue. AAlth eight Figures in the Text . . . . . . * 753 

Matthews, J. R.—The Distribution of Certain Portions of the British Flora, II. Plants , 

restricted to Scotland, England, and Wales. With five Diagrams in the Text . . 707 

Mockeridge, F. a.—T he P'ormation of Plant Growth-promoting Substances by Micro¬ 
organisms .. - 723 

Moore, E. S.—The Physiology of Fusarium coeruleum. With Plates VII and VIII . . ;’'^^37 

Moss, E. H,—I asciated Roots of Caltha palustris, L. ■ With five Figures in the Text . . 

Newton, W'. C. F, — Studies on Somatic Chromosomes. I. Pairing and Segmentation in 

Galtonia, A\ ith Plate IX and three Figures in the Text . . . . . • 197 

Parkin, J. — Stomata and Phylogeny . ... . 795 

Fetch, T.—Campbeliia aurantiaca, "Wight, and Christisonia albida, Thwaites. AAuth twenty 

Figures in the Text . . . , .. ..... . . . , 679 


Phillips, R. W.—On the Structure of Spyridia hlamentosa, (Wulf.) Harv., and the Affinities 

of the Genus. With ten Figures in the Text . . . . » * • • 547 

Posthumus, O.—Osmiindites Kidstoni, Stopes . . ..215 

Pratt, C. A,—The Staling of Fungal Cultures. I. General and Chemical Investigation of 

Staling by Fusarium. With one Figure in the Text . , . . ^ . .563 

---Xlig Staling of Fungal Cultures. II. The Alkaline hletabolic Products and 

their Effect on the Growth of Fungal Spores. W'ith one Figure in the Te.x!t . . 599 

Priestley, J. PL, see Lee, B. * 

P.URfj A. N. Effect of Methyl and Ethyl Alcohol on, the Growth ,of Barley Plaifts. '\A’’ith 

I three Figures in the Text..' , . ^ , 

v'kiVETT, H. P—The Root-tubercles in Arbutus Unedo. Whth,fourteen Figures in the,Text » 
Sarbadhikari, P. C,—Cytology of Osmunda and Doodia. I. On the Somatic and ^leiotic 

Mitoses of Doodia. With Plates I~V . . . ' , . , ■ 1 , ' i 

ScHONLAND,'S.—On the Theoiy^ of ‘ Age and Area ’ . . , . , , I ' .'”"453 

„ Seward, A; C.—On a New Species of Tempskya from M,ontana : Tempskya Knowitoni,' sp, 
nov. W ith Plates XVI and XVII and three Figures in the Text . . . 

Smith, E. P.-—^Tlie-Effect of General Anaesthetics on the ,Respiration of Cereals. ■ I. -Carbon 
dioxide Production. AVith nine Figures in the Text. . , . . . 

-Smith, K., M.—On a,-CuriousEffect of.Mosaic Disease upon the Cells of the Potato Leaf, 

. W^ith four- Figures, in the Text. ' . . ' . 

.Snow, R.—Further Experiments-on the Conduction of Tropic -Excitation. AAlth six Figures- 
iiitheText, ■ , ' w , , . . , 

■ Stiles, AA^.—Evap-oration'in,,AVind. A - Criticism of the Contribution of H. Sierp and K. L. 

- Noack to-the Physics of Transpiration . , . *■ . , 

- 7—-——^-- The, Absorption of Salts' by Storage- Tis'sues. - AAHtli four Figures in the Text 

—- :—-and- Dellow,-'M. ,E.—A-.Note.'on'the Dormancy of 'the 'Seeds- of Lathyrus 


745 

661 


485, 

261 

385 

163',, 

', 299 


''maritini'US' 

,Sturch, H. H,—“On the Life-history of Harveyella pachyderma; and .H. mirabilis.Ys'',With-':'' 
;y ::;,-Hweiity-two-figures; in.-the Text 'v. - ''.A. . ■ ■"' yi■',',AW' 


209 


.' ' 27 ': 

















Index. 


XI 


PAGE 

Uphof, J. C, T.—The Physiological Anatomy of Mayaca iluviatilis. With hve Figures in 


the Text . ... . . ® 3S9 

Vyvyan, M. C.—Studies of the Rate of Growth of Leaves by a Photographic Method. I, The 
Determioants of the Rate of Growth of First Leaves of Phaseolos vulgaris. With five 
Figures and nine Graphs in the Text . . , .. ... . . » 59 

Williams, S. —The Anatomy of the Branching Fronds of some Cultivated Varieties of Ferns. 

With fifty-three Figures in the Text ...... .... 4.5 

Wood, F. h!.-—Contributions to an Investigation of the Chemical Nature of the- Cellulose 

Membrane , . . " , . . . . . . . . . .273 


B LIST OF ILLUSTRATIONS. 


a. PiATES. I-V. 

VI. 

vn, vm. 

IX. 

X. 

XI-XIV. 
XV. 
XVI, XVIL 
XVIII. 


Mitoses in Doodia (Sarbadhikari). 
Spermatogenesis in Anthoceros (Bagchse). 
Fiisarium cultmes (MooRE;. 

Cytology of Galtonia (Newton). 
Gametophyte of Macrozamia (Light). 
Cytology of Cotton (Denham). 

ParaphyilanthoxyIon ( Bailey). 

Tempskya (Seward). 

Colletotrichuni (Chaudhuki), 


b. Figures. page 

I. Gracilaria with Harveyella pachyderma (Sturch) . - . . . • -27 

2j 3. 2. Young H. pachyderma before emergence from host. 3. H- pachyderma, some¬ 
what older (Sturch) . , . . . , . ■ . . . . » 3^: 

4,5. 4, H. pachyderma. Stages in the development of the procarp. 5. H. pachyderma 

(Sturch) . , . ■.. • , . .32 

6, 7. 6. Fusion of ooblastema with auxiliary cell. 7. Division of auxiliary cell after 

fusion into foot cell,/), and central cell, i'A (Sturch) . . . . . 33 

8, 9. 8. Karly division of central cell. 9. li. pachyderma. Part of young carposporo- 
phyte ; secondary ooblastema with secondary connexions to much-fused cells of 
gametophyte (Sturch) . . ■ . • 34 

io» H. pachyderma. Part of mature C3’^stocarp (Sturch) . • • • • • 35 

11-14. Stages in the development of the procarp and the auxiliary cell of H. mira- 
bilis. 15 and 16. H. mirabilis. Development of auxiliary and central cells 
(Sturch) a . . . . . ' ' . 36 

17. H. mirabilis., Small portion of young cyst.ocaq^ (Sturch) . . • ' - . - 37 

18-20, 18 and 19. FI. pachyderma, Antheridia and spennatia. 20. H. mirabilis. 

Antheridia and spermatia, (Stubch) . , . . . . » » • 3^ 

21. FI. pachyderma. Tetrasporangia (Sturch) , , . . * . *. 39 

23 . FI. pachyderma. Junction of separate male and female plants (Sturch) * . 40 

1-9. Nephrodium Filix-mas, var, ramo-cristatum., , 1-4. Series of transverse sections of 
rachis (adaxial surface uppermost) from base to level of branching, 5-7. Similar 
series in one arm of the first branching. 8. Dissection of rachis of adult frond. 

9. Dissection of rachis of frond from a two-year-old plant (Williams) . . 45 

10-22. To-iS, Nephrodium F'ilix-mas, var. lamo-cristatum. 10-14. Series of transverse 
sections of the central strand from its origin up to the level of branching, 
15-18. Series of transverse sections of rachis of trifurcate frond from its base to 
' ' Just' below the branching.: 19-22. Nephrodium' Filix-mas, var. polydactylum 

(Dadds). Series of: tmnsverse'sections in the region, of branching (Williams) .' 47 

23-9Scolopendrium (yulgaie/var. ramo-cristatum.' 23-6.//Series''of transverse 
sections'of the vascular, strand from .below up to the level 'of the first branching. 








Index. 


xii 

Figures. ^ page 

27. Tmnsi’erse section, at level of branching in one arm of the first branching. 

2S, Ditto at level of branching in the other arm. '39. Ditto at level of one of 
the distal branchings. 30-4. Another form of Scolopendrium vtilgare, var. 
rarno-cristatum. Series of transverse sections np to the level of branching 

(Williams; . ... . • 6 ® 

35-»42, 35-9. Scolopendrium viilgare, var. grahdiceps. Series of transverse sections of the 
vascnlar strand up to the level of branching. 40'-2. Scolopendrium vulgare, var. 
ciiriosiim. Series of transverse sections of the vascular strand in the region of 

branching (Williams) . 53 

43-53. 43-7* Polypodiiim vulgare, va.. ramosum. Series of transverse sections of the 
vascular strand up to the level of branching. 4S-50. Folypodium vulgare, var. 
grandiceps (Foster). 48—9. Transverse sections at level of main branching. 

50. Transverse section at level of one of the terminal branchings. 51-3. Osmunda 
regalis, var, ramo-cristatum. Series of transverse sections of the rachis from 


below up to the level of branching (Williams) , . , * , • -55 

1-5. H, hypocotj'I; c, cotyledon ; L, first leaves; E, epicotyl; A, apical bud (VywaNj 63 

A. Actual areas and per cent, increments (Vyvyan) ..6b 

B and C. B. Comparison of the two values of the daily factor for each date found 
from plants with one leaf and with two leaves respectively by the algebraic 
method. C. Ditto by the successive smoothing method (Vyvvan) . . *75 

D and E. D. Comparison of the two mean values of the daily factor found for each 
date by the algebraic and the successive smoothing methods respectively. 

E. Daily per cent, increments in area of first leaves after ‘ correction ’ for daily 
factor by successive smoothing method (Vywan) ..77 

F. Mean actual increments in area of single first leaf (Vvvyax) . .' . . .80 

G. Curves for aiitocatalytic chemical reaction (Ig (Vyvyan) , . Si 

H. ', Graphs of growth of leaves (Vyvyan) . . ' . . . ' , . > . 87 

J. Graphs of growth, smoothed and calculated (Vyvyan) , . . , . 88 

1. Graphical representation of the comparative growth of Fusariimi sp. on Richards’ 

solution 0*5 per cent. KH2PO4 ; Richards’ solution 0.05 per cent. KH2PO4; and 
■potato extract (Boyle).. . . , . 122 

2. Grap>hical representation of the comparative staling by Fusaiium sp. on Richards’ 

solution 0*5 per cent. IVH.FO4; Richards’ solution 005 per cent KH2BO4; and 
potato extract, as indicated by the growth of Botrytis cinerea in the staled 
medium (Boyle) . . . ■ . ... . . .■ . . ■ . 123 

3. Graph showing relation between rate of growth of Fusarium sp, on Richards’ 

solution and rate of change of hydrogen-ion concentration of medium (Boyle) . 125 

4. Graphical representation of the growth of Botrytis cinerea on Richards’ solution, 

potato extract, apple extract, and lM/5 mannite of different hydrogen-ion concen¬ 
trations (Boyle) , . , .. - , ■ . . . , *, ■ . .128 

5. Ditto of Fusarium sp. on ditto (Boyle) . , . • . .... 129 

1. Graphs showing the rate of increase of colonies on two different media, at tempera¬ 

tures between 3'^ and 30° C. (Moore) - . * . . . . . 14Q 

2. id) Conidia germinating in nutrient agar under reduced aeration, and showing the 

early formation of chlamydospores. (/?) Gonidia, under reduced aeration, ’ 

becoming converted into chlamydospores (Moore) . . . . . . 143 

3. Graph showing the length of germ tube developed in media at various H-ion 

, concentrations (Moore) . . . ' . ' ' . . . , ■ , ■, 144 

4. Graph showing the effect of concentration of medium upon fungal growth (Moore) 147 

5. Graph showing the relation between the nitrogen- and carbon-content of the medium 

and the growth of,the fung,us-(MD’aRE) A ■■' .,■, ■ .. , , ■ , « ■ , ■, ,148' 

6. Graph showing the relation between theasparagin- and,maltose-content of the medium , 

and the .growth of, the" fungus (Moore), .A, igO: 

■ 7. Graph showing the^ relation .■between the^-KNOg-and sucrose-content of'the medium 

■ and the growth of the fungus (39 days) ■(Moore). ' .,■■,■, ^,' , . . , 151 
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8. I. Mycelium from young drop-culture on NH4CI + sucrose M/co^ showing the 

tendency to branching and septation as the medium becomes acid. 2 and 3. 
Mycelium from similar, but older, cultures, showing increasing septation and 
branching as the medium becomes progressively more acid. 4 and 5. Jilycelium 
from parallel cultures to which CaCOg had been added. Normal mycelium and 
conidia have developed (Moore) . , . . . . . « ^52 

9. (rt) Conidia germinating in medium adjusted to pH 3‘0-3*5. (<^) Normal germina¬ 

tion of conidia in medium adjusted to pH'**3 (Moore) , . . , * 153 

10. (cr) The extreme ‘ acid’ type of mycelium on agar medium containing 

NH4CI-f sucrose M/20-r KH^P04 M/5odr (d) The less markedly acid ^ type 
of mycelium developed in a similar medium containing KH2PO4 M/20 (Moore) 155 
1,3. Further Experiments on the Conduction of Tropic Excitation (Snow) . .169 

5 ? 5 J jj yj • • • ' 

I Glass surface showing small chipped area. Appearance due to drying gelatin 

.177 

2, 3. Diagrammatic vertical section of gelatin and shale. 2, before drying ; 3, after 

drying (Fry).. . ... ... 181 

4,5, 4. Xanthoria parietina. Vertical section of thalliis. 5. Xanthoria parietina. 

Diagram of hapteral disc (Fry). . . XS3 

6. Xanthoria parietina. Part of marginal region of hapteral disc, showing fragments 

of shale (Fry) ........ .... 184 

7, 8. 7. Xanthoria parietina. Thallus with marginal haptera. 8. Xanthoria parietina. 

Thallus with haptera at some distance from the margin (Fry) . . . , j86 

9, 10. 9. Surface view, Lecidia lucida colony. 10. Longitudinal section of L. lucida 

colony on shale (Fry). . .393 

1,3. I. Chromosome complement of Galtonia candicans. Chromosome pairs are 
n umbered. 3. Chromosome complement of G. princeps. Pair IV in d is much 

foreshortened (Newton).. . 199 

3. Ear ]y anaphase (a) and late anaphase (/») in G. candicans. In a the small chromo¬ 
somes have reached the pole and are paired. In 3 the process of reassociation is 
almost complete (Newton).200 

3, 2. I. Chara vulgaris. Isolated node with developing pro-embryonic branches. 

2. Chara vulgaris. Abnormal pro-embiyonic branch (Drew) . . . .208 

1-3. A Method of Inoculating Apples (Granger and Horne) . , , , , 313 

4 "'^*. jj J 3 jj 3 > if ii * * . « .234 

I, Picea canadensis. Terminal and lateral buds in February (LEWIS and Dowding) 21B 
3, Growing point, July (Lewis and Dowding) . . . , , . .219 

3 s 4^ 3. Picea canadensis, January. Cells of crown treated to show protoplasmic inter¬ 

communication. 4. Picea canadensis, June. Lateral bud (Lewis and Dowding) 222 
.> Picea Engelmanni. Growing point of terminal bud, September (Lewis and 

Dowding) . . . . . -■ . ' , . ' * ' . . . 223 

6j 7. 6. Pseudotsiiga Douglasii. Apex of bud showing differentiation of meristem in 

late Septe mber. 7. Larix Lyallii. Lateral branchlet, July (Lewis and 
Dowding) ' . . ■ . . . . ■ . . . 224 

8,9^ 8. Abies lasiocarpa, 9. Abies lasiocaxpa, September. Apical region of bud with 

scales removed (Lewis and Dowding) . . . . . . . . 226 

io~i2, ic, Abies lasiocarpa. Branched sclereides in cortex immediately below the lateral 
extension of the crown, ii. Pinus Murrayana, September. 12. Finns Mur- 
rayana. Growing point showing no distinct differentiation in the meristematic 
/, ..layers'(L ewis and Dowding) . , "■■■■. . . . , •, , . ' ' . ,'327 

1/ A-K. Danae racemosa, (L.) Mbnch. i a, part of a plant from La Mortola, Venti- 
, ' miglia, March,. 1921. transverse section through leaf/,, in i'A. ■ T, B,, top 

' 'o.f'short "basal sheath; i,’C, high in '.petiole;',.! d, base of,limb;' i E, near' apex''.' 

' ■ '',of limb, 'j E,;,'small',p,art,'o£ I E'(or similar section) tO",sho,w single,'Vein of foliage 

A;, leaf for comparison with I'G,"which shows, on, sa,me scale, A;single;vein',from near ' ' 
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apex-of one of the phylloclades,in i a. i H, transverse section from micro¬ 
tome series through central part of bud, such as h. in i a, including axis, ax> ; 
three scale-leaves, sc..;,, each subtending a bud. The bud, sk., inside 
rr.j, is cut at a level below its appendages; the buds inside and sc.., show 
leaves, with pliylloclades, p., in their axils; g'.p., growing apex, i I, bud in 
axil of scale-leaf, sc., similar to the three buds shown in i G, but rather older 
The growing axis of the bud, ^.p., has produced a pair of prophyllar leaves, 

/., subtending phylioclades, p. i K, tip of bud, such as b. in i A, later in the 
spring (reduced); to the left, one of the axillary branches of this shoot with its 
terminal inflorescence is drawn from the adaxial side, with, and without its 
axillant scale-leaf (Arber) , . .231 

2-7. Danae racemosa, (L.) Mdnch, 2 a, branch with phylioclades in natural position, 
October 4, 1922. 2 B, transverse-section, at level of arrow, of pbylloclacle B, 

which is held edgeways; the dotted arrows indicate direction in which xylenl of 
bundles faces. 2 c, transverse section, at level of arrow, of phylloclade a, which 
is held in unusual position, with surface away from axillant leaf uppermost. 

3 A, shoot bearing leaf in whose axil phylloclade/.j arises ; a second phyllo¬ 
clade,/.«, whose axillant leaf is invisible; a terminal raceme of young fruits, 
still enclosed in persistent perianths. 3 B, end of sterile shoot, witli two 
phvdloclades, p., in axils of leaves, /.; no terminal phylloclade. 4 A and B, 
transverse sections of a phylloclade; 4 A, stalk; 4 B, near base of expanded 
region. 5, small segment of transverse section of a young phylloclade; fibres of 
bundle-sheath still thin-walled. 6 a, transverse section of young bud (May 24, 

1922) in axil of scale-le.af, sc. ; its axis, ax., bears two rows of leaves, sub¬ 
tending phylioclades, p. The leaves in whose axils the two outermost phyllo- 
clades arise do not reach to this level. The keel, /&., of the axis corresponds to 
the midrib of the next leaf above. 6 B, radial longitudinal section through leaf /., 
with phylloclade p. in its axil, from microtome series through bud, May 34, 1922. 

7 A-E, series of transverse sections to show history^ of the single bundle of the 

leaf in whose axil the phylloclade marked with a x in 6 a arises; 7 A, near leaf 
base; 7 E, near leaf apex (Arber) ......... 232 

S-19. Riiscus aculeatus, L. S a-d, seedlings grown by Mr. T. A, Dymes, Feb. 21, 1923, 

8 A and B, iyoung subterranean seedling, in which only scale-leaves, sc., have 
developed, viewed from the two sides; in S b three lateral buds, A, are visible. 

8 c and D, older seedling bearing phylioclades,/., in axils of scale-leaves, /.; two 
lateral buds, b .; seed, s., shrunken as compared with 8 A and B. 8 D, two upper¬ 
most phylioclades of Sc, one in axil of leaf, while the other,/./., is terminal. 

9 A, two successive phylioclades, /., of mature shoot, viewed from the two sides. 

9 B, two views of a phylloclade bearing a fruit, Feb. 1933. 9 c, end of shoot 

showing terminal phylloclade,/./. 10, transverse section of phylloclade at level 
of its junction with bract, dr. Arrows show directions in which xylem groups of 
bundles point; bundle marked with a x is amphivasal. IfllArC, transverse 

, sections from series through lateraTbtid, May 13,- 1922. ii|>|)/shows further 
development of «/., growing apex, in ii E, with the formatic of two leaves sub¬ 
tending phylioclades, and a third phylloclade which is terminal, //. 12 a-d, 

series of sections through leaf, with phylloclade, / , in its axil, May 13, 1923; 

1 3 a shows phylloclade not yet detached from a^cis, while 12 d shows bract, 

Aa, and its axillary bud, A, on side of phylloclade remote from axillant leaf, 

13 A and B, transverse sections through buds, June 2, 1922, in each case showing 
axis, ax., and three leaves, /., with phylioclades, /., in their axils. One phyllo¬ 
clade in each case is cut just above the attachment of the bract, br., which arises 
': on its adaxial surface,' and' subtends .bud, /a The,buds differ,'in that that in 13 A' ■ ' 
■'■/has two .first leaves,and /r'k, which are lateral and .opposite,' while,those in 
' 'I3,b , have '.one; larger, obliquely,' placed '■ first :lea,f, br. ' 14, transverse ^se,ction of ' 

,' "'inidiib'of a sterile'phylloclade,' ,1,5 .radial longitudinal section'of leaf /."'with' 
phylloclade "/., in its ..axilj bearin,g,'bract, 'M,..." and bud, ''A'J.une 2, '1,922'. ' ■ 
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i6, transverse section of phylloclade,June i6j 1919^ bearing bract, in 
whose axil is the bud 0.^ bearing leaves b7‘'. and br’. arranged as in the buds in 
13 B, 17 A, end of rhizome, rk,^ marked with scars of former scale-leaves, sc.^ 
and bearing roots, ?*., and terminating in aerial stem, st. The two winter-buds, 
h. and 3 '., clothed with scales, rr., will develop into the shoots of the current 
year, Feb. 6, 1923. 17 b and c, part of young shoot later in the spring, probably 

May. 17 B, branch in axil of scale-leaf, sc.^ bearing leaves, /., and phylloclades, 
p. 17 c, leaf and phylloclade,of 17 B. iS, transverse section near apex of 
a young phylloclade (June 16, 1919) to show reduction of bundles to three. 

19 A~F, series of transverse sections from base upwards through leaf, /., and its 
phylloclade, June 16, 1919. 19 C and D show the process of torsion that 

brings the phylloclade, into the vertical position in 19 e and F. The arrows 
show direction ofxylem in bundles. 19 e passes through the attachment of bract, 
br.^ in whose axil the bud, arises, bearing leaves, br' /j/h, br''’\ 19 F is 

above attachment of bract, (Arber) ........ 236 

20-4. Ruscus Hypoglossum, L. (small arrows indicate direction in which xylem groups of 
bundles point). 20 a-C, seedling structure, from seeds from La Mortola, sown 
March 20, 1922, drawn Feb. i6, 1923. 20 a, seedling with only radicle, r., 

protruding from seed, s. 20 B, seedling with cotyledon, three scale-leaves, 
sc., followed by a leaf, /,, in whose axil is a phylloclade, />., whilerihe shoot ends 
in a terminal phylloclade,/./. 20 c, view of and /./. from the opposite 

side. 20 D, apical part of mature shoot to show terminal phylloclade, 
standing apparently opposite to a phylloclade,/., in axil of leaf, /. 20 E, phyllo¬ 

clade, bearing leathery bract, br., on side away from axillant leaf, /., Brit. 

Mus. Herb, (probably var. macroglossa). 21 a, phylloclade (venation shown in 
less detail than in 20 e) bearing bract, h'., and remains of inflorescence on 
surface away from axillant leaf, /. 21 B, C, D, E, H, i, K, anatomical structure of 

phylloclade drawn in 21 A. 21 F and G, supplementary stages from another 
phylloclade. 21 B, near extreme base of phylloclade ; 21 D, at level of arrow in 
21 A ; 21 c, intermediate. 21 E, midrib region higher up ; ridge above vascular 
cylinder is first indication of bract. 2i F, section from another phylloclade at a 
slightly higher level, showing bract, br.; vascular system, b., for bud axis; 

&.m. and vascular masses destined for main veins of upper part of phyllo¬ 

clade. 21 G, same phylloclade as in 21 F, cut at a slightly higher level; bud now 
free, bearing two leaves, br. and br". 21 H, section from phylloclade in 21 A, cut 
near base of leathery bract; bud has fallen out; and v./Ji'. as in 21 F. 21 1 , 
bract after detachment. 21 k, section near apex of phylloclade. 23 A-C, succes¬ 
sive sections through bract-bearing region, of another phylloclade, in which 
the inflorescence was on the side towards the axillant leaf ; these sections corre¬ 
spond to 21 G, H, I. '23 A and B, transverse sections of a sterile ph^dloclade, near 
the base and a little higher, 24, an abnormal phylloclade, drawn from side away 
from axh 'ant leaf. (21--4 from material from La Mortola, March 1922) (Arber) 238 
25-9. Ruscus i jpbyllum, L. (material from La Mortola). 25 a, seedling; seed from 
La Mortol^ planted March 20, 1922, drawn Feb. 16, 1923, The main root, 
wFich should be vertical, bent to one side to economize space. 25 E, end of 
a mature shoot, to show terminal phylloclade,//. 26 A, phylloclade with 

remains of inflorescence and one fruit on side towards axillant leaf. 26 B, 
transverse section of a fertile phylloclade near the base. 27 A, B, c, series of 
three sections of a phylloclade showing origin of bract, br., and vascular 
cylinder of bud, d. 2 7 D and E, transverse section of midrib of phylloclade above 
inflorescence. 28, transverse section of sterile phylloclade not far from base- 
29, abnormal phylloclade with inflorescence at margin, flowers fallen (Arber) . 240 

30,-4,, .Semele androgyna,"(L.) Kun,th. (materialfrom Cambridge .Botanic/Garden). 30 a,, 
apex',, of'.current year’s shoot, Jan. 26, 1923. 30 B,,, transverse'section through ' 

bud,.,( 5 ., in'axil,of,one,'of the scale-leaves, .5'r., from shoot similar to ■tliat''d,rawn; 

■, 'ih'' 30 'A'; ;,Feb. 6,, ■19'2'2. ' 31 a and B, the,.result of .further development of a bud 



XVi 


Index, 


Figures, , page 

such as h, in 30Bj 31 A, Feb. 19, 1923; 31 B, May 4, 1922; the scale-leaves, 

Ji'., correspond in 30 A and B and 31 a and B. In 31 B the two series of leaves, 

/., are seen to bear phylloclades,in their axils. 32, a pbylloclade,and 
its axillant leaf, 4, in radial longitudinal section, from microtome series through 
apex of a shoot similar to that shown in 31 B ; May 4, 1922 ; the bracts borne 
on the phylloclade do not lie in the plane of the section. 33 A-I, transverse sec¬ 
tions from microtome series through apex of shoot similar to that drawn in 31 B, 

May 4, 1922, showing the development, in two opposite rows, of leaves, /.i-Z-g, 
with phylloclades,in their axils. 33 B, c, E, show the development of 
bracts and ^r.2, axillary buds,/ j.j and ^.2, and bracteoles, and from 
right-hand margin of /.i, and 33 C and D, from left-hand margin of /.i. In 
33 G p,^ is abnormal in having a bract and bud (x) in the median region, on the 
surface towards the axillant leaf; its apex, 33 l, is bifurcated. In 33 K also 
has a bract and bud (y) in its median region, but on surface remote from 
axillant leaf; p.^ does not bifurcate at apex. In 35 H, i, only part of section 
shown. 34 A and B, transverse sections of margins of two phylloclades in which 
axillary bud, b.^ is more advanced than in 33, and bears two bracteoles, br\ 
and hr\ 34 a, from material gathered May 5, 1922. 34 B, from upper phyllo¬ 
clade shown in 35, but at a lower level; June 2, 1922 (Arber) . . , 242 

35-44. Semele andrognya, (L.) Kimth. 35, transverse section through axis, ax., of bud, 

June 2, 1922, slightly older than that shown in 33, bearing two phylloclades, p., 

■ the axillant leaf, /., of the younger one being alone visible at this level; the arrows 
show direction of xylem in leaf and phylloclades. 36 A, transverse section of 
axillant leaf, shown in 41 A. 36 E, median bundle from 36 a. 37, transverse 
section of base of a mature phylloclade,with axillant leaf, /. 38, 39, 40, the 
bundle from three young axillant leaves, June 2, 1922, in which a median strand 
alone is developed. 41 A, phylloclade bearing buds, only longitudinal veins 
indicated. 41 B, section of median region of a phylloclade similar to 41 a, not 
far from base, to show main lateral veins, which will supply inflorescence. 

41 c, transverse section of margin of phylloclade drawn in 4I A, at base of one of 
marginal buds, b., showing bract,/;r., and vein, zf.c., from which vascular system 
of bud is derived. 42, phylloclade bearing fruits; Feb. 1923. 42 A-G, abnormal 

phylloclades, all from one plant in Camb. Bot, Garden, Jan, 1923; buds indi¬ 
cated by small circles ; in A, D, F, the surface towards axillant leaf is shown; in 
B, c, E, G, the surface away. 44 A and B, sketches from herbarium material of two 
phylloclades bearing flowers on the upper surface instead of at margin (Arber) . 344 
45- 7. Semele androgyna, (L.) Kunth. 45 a, small but strongly developed sterile phyllo¬ 
clade, from side towards axillant leaf, to show pair of principal veins, vx., and 
less prominent midrib, w.n 45 b, transverse section of median region near base 
of a sterile phylloclade similar to 45 a. 46 a, b, c, sterile phylloclades from 
feebly developed basal shoot; A, from side towards axillant leaf; B, from side 
away from axillant leaf to show well-marked stalk; C, to show termination of 

shoot. 46 D, transverse section near apex of feebly developed sterile phylloclade, 

similar to those drawn in 46 A-c. 46 e, end of a shoot from the upper part of the 
plant (not a feeble shoot from the base such as that used in 46 A-D) to show 
terminal phylloclade,/.A 47 a, seedling, Kew, Feb. 7, 1923. Some of the 
scale-leaves drawn separately (to the right) to show transition between those with 
sheath, alone; and those with sheath and petiole. 47 b-d, transverse sections 
^ 47 B, low in petiole. 47 c, 

at level of arrow in petiole. 47 B, at base of limb. The bundles marked AA 
have their xylems directed downwards; the veins in 47 D marked with a X con¬ 
tain more than one bundle and are more or less radial* 47 E, transverse section 
near apex of same leaf. 47 F, transverse section of sheath region of one of the 
transitional scale-leaves in 47 A, slightly reconstructed at margins, as section^^^ ^ 

' , 246 

leaves;'of''Other^rljilMflbrae'feA,.; S'milacina'xacemosa, Desf. B, 
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Polygonatum officinale^, AIL C, Luzuriaga sp. Bomarea (garden hybrid)^ 

48 E-iy diagrams of different leaf types met with in the Rnsceacj to illustrate 
interpretation of phyUoclade put forward in the present paper. E, scale-leaf^ 
consisting of sheathing leaf-base only j F, transitional leaf (e. g, seedling o 
Semele); G, foliage leaf with well-developed sheath^ petiolej and limb (such 
leaves are borne by seedling and sometimes by rhizome of Danae and Semele) ; 

Hj similar leaf with reduced sheath (e. g. the leaf figured here for seedling of 
Semelej 47 a) ; I, phylloclade (e. g. thbse bf Danae, and sterile pbylloclade of 
Semekj 46 b). The dotted lines show the liitLit of sheathj stalk, and limb in the 
different leaf categories (Arber).• . . « 250 

49-50. Cases for cotnparisbn. 49 a-e, Tilid sp. 49 Aj ieafj /., with axillary infiorescence, 
f.j partially fused with its bracteole, 49 b-e, series of transverse sections 
showing diagrammatibally the plan of the vascular structure of midrib of bracteole, 

49 B, at level of arrbw B in 49 A. 49 c, at level of arrow c, 49 D, at level 

corresponding to arrow U, but from andther bracteole; the vascular tissue 
marked ii.ca. in G and D is destined foir the inflorescence. 49 E, at a level between 
D and apex of bracteole^ but from another bracteole. 50 a-c, Rhipogonum 
album, R.Br., section from series from below upwards through very young 
axillary bud (Arber) . . . . ..257 

I, 2. I, Respiration of wheat with chloroform 0*04 M., o-oi M., o^ooi M., o*oooi M. 

The curve with 0*04 M. is the mean of five experiments (probable error of the 
mean, less than 4 per cent.) : the other curves represent single typical experi- 
mentSi The normal rate is taken as the reciprocal of the time required to change 
the pH of 20C.C. of tap-water from pH 7-36 to pH 7*09, and is expressed as 
100 per cent. Deviations from thfe normal are expressed as per cent, of the 
normal. 2. Respiration of rice with chloroform o-ofiM;, 0*04 M,, o*oi M. The 
curve with 0*06 M. is the mean of three experiments, probable error less than 

5 per cent, of mean : with 0*04, the mean of six experiments, probable error less 
than 3*7 per centi; with o-oi M., the mean of three experiments, probable error 

less than 10 per cent, of mean (E. P. SMITH) . • i • . • • 265 

3-5. 3. Rate of carbon dioxide production of wheat after r, 3, and 5 hours* exposure to 

chloroform 0*04 M. Three experiments. 4. Wheat with chloroform 0*04 M., 

0*02 M., 0*005 M., showing that no recovery takes place after the rate has been 
reduced to 60 per cent., the rate falling to 50 per centi on removal to tap-water, 

5. Wheat with chloroform 0*04 M., showing efect of removal to tap-water after 

6 minutes, 20 ihinutes, 27 minutes, and 52 minutes. Recovery only in first case. 

Composite curve from four experiments (E. P. Smith) , . . . . 266 

6,7. 6. Wheat with chloroform 0^4 M. Cumulative effect of three exposures of five 
tninntes each, equivalent to fifteen minutes’ continhous exposure. Mean of six 
experiments; probable error of the mean, less than 5 per cent, 7. "Wheat with 
ether 0*36 M,j showing three successive exposures to the reagent, the rate being 
allowed to return tO normal (in tap-water) between exposures : the effect is not 
cumulative^ Single experiment (E. P. Smith) . . • • • » • 267 

8, Respitation of wheat with ethyl alcohol o*a M. Mean of four experiments. 

Probable error, less than 2*5 per cent, of the mean (except for two poiiits, where 
it is 6 per cent.) (E; P. Smith) . . . . . , • ^ 

9. Ipomoea Learii. Respiration (curve drawn througl^ circles)j and permeability to 

carbon dioxide (curve drawn through crosses) as affected by 0*04 M. chloroform. 
Normal in both cases is expressed as 100 per cent. Each curve is the mean of 
three typical experiments (Ei P. Smith) . . . . . . . , 270 

The Response of Plants in Soil- and in Water-culture to Aeration of the Roots 
(Knight). ■. ' . , 312 

I. Photograph of a spermatial frond of Rhodymenia palmata showing the irregular pale 
son on the lower portibns of thallus, the apices being non-fertile (Pelf and 
■.;;,GRufeB). . 328 

, 2.' ' Outline''drawing of a transverse section. of a frond showing' the formation of ''young. 
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spermatial sori by means of the divisicns of the superficial cells oi the thalliis 

(Delf and Grubb).. * • ® *329 

3. Camera liicida drawings^ showing the formation of spermatia (Delf and Grubb) . 330 


4 . Camera liicida drawing of a transverse section through a spermatial sonis. 1 he 
nuclei of the antheridiai mother-cells are seen undergoing karyokinetic division. 
In the ripe spermatia the nuclei are seen in the characteristic elongated condition. 
Gelatinous walls of the antheridia not visible. Microtomed section (Delf and 


Grubb) ... 33 ^ 

1- 4. 1. Macrozamia Fraseri, J sporophyll. 2. Macrozamia sp., sporophyll. 3, 4. 

Macrozamia sp. 3. Transverse section of peduncle of cone. 4. Transverse 

section of cone axis (Light) . . .. 339 

5“7* Macrozamia sp. 5. Division of sporophyll traces in cortex of cone axis; traces 
numbered. 6. Transverse section of stalk of sporophyll. 7. Diagram of 

vascular supply to J sporophyll (Light).. . 34 *^ 

8,9. M. Fraseri. 8. Ovule in transverse (left) and longitudinal (right) section. 9 De¬ 
velopment of J garaetophyte; free nuclear division (Light) .... 341 

!0, II. M. Fraseri, Development of ^ garaetophyte. 10. Wall-formation, ir. Parietal 

wall-formation (Light).. • . . 342 

12-14. M. Fraseri. 12. Centripetal development of endosperm, 13. Centripetal growth 

of endosperm* 14. Cellulat endosperm (Light) ...... 343 

^ 5 ”^ 9 * M. Fraseri. 15. Spireme segmenting to form twelve chromosomes. 16, 17^, and 
I7(^. Later stages showing further changes within the nuclear cavity. 18 and 19. 
Contraction of the nuclear area (Light) . . . . . . • • 344 

20-^d, M. Fraseri. 20-3. Further stages in nuclear division ; the anaphase shows twelve 

chromosomes. 24<z. Fusion of nuclei. 24^. Abnormal division (Light) . . 345 

I. Eidamia tuberculata. Macrospore stage (Hornf. and Jones) .... 352 

2- 4. 2. E. tuberculata. Microspore stage. 3. Macrospore stage. 4. Microspore stage 

(semi-diagrammatic) (Horne and Jones) ...... . 353 

1. Populus tremula. Heterotype division (Blackburn and Harrison) . . . 363 

2. Section Pentandra. Heterotype metapbases (Blackburn and Harrison) , , 364 

3. a-d. Heterotype metaphase plates (Blackburn and PIarrison) .... 365 

4. Sali.x fragilis, Meiotic phases and somatic plate at b (Blackburn and Harrison) 366 

5,6, 5. S. alba. Heterotype metaphase. 6. S. viminalis. Heterotype division 

(Blackburn and Harrison) . . . . . . . . . . 367 

7. S. aurita, S. cinerea, and S. Caprea, Metaphase plates (Blackburn and Har¬ 

rison) ..369 

8. a and b, S. repens Heterotype and somatic metnphases, g S. myrsinites. 

Somatic plate (Blackburn and Harrison) . . . . . . . 370 

9. Heterotype division, a and b. S. Andersoniana. c, S. phylicifolia (Blackburn 

and Harrison) ..* . . . • • 37t 

10, II. 10, Heterotype division, a suad b. S. rubra, g S. Caprea x lanata. ii. a-c. 
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Pisiim sativum. Transverse section, half inch below hypocotylj of root of seedling 
grown in light (Lee and Priestley) , . . . * - « ® 533 
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(Phillips) . ... .... . -554 
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sponding to 3; 6, the stage of conjugation of the three secondary auxiliaries 
with the primary, corresponding to 4; 7, the stage when the gonimoblast fascicles 
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(Phillips) . . . ... . . . . . . « 557 
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showing, in the axils of scale*leaves, two phylloclades (under surface) with two 
fruits, La Mortola, May 38. 3, transverse section of base of a phylloclade. 4 a, 

transverse section of mature phylloclade; the arrovrs show direction in wliicli 
xylem groups of bundles point. 4 b, small part of transverse section of phyllo- 
clade. 5 A andB, types of branching. 5 a, segment of axis bearing three scale- 
leaves. 5 B, small region of axis, with lateral branch, similar to in 
5 A (with its phylloclade, /r., whose under surface is shown), arising in the axis 
of leaf/. 6a-d, series of sections through a plumule apex. 6 A-C are near 
together. In 6 D, which is considerably higher, close to the extreme tip of the 
shoot, the phylloclades are dotted and the axillant leaves left white. 7 A-c, 
series of transverse sections near shoot apex, showing development of slightly 
older bud, b.^ than that in 6. 8, transverse section through an axillant leaf, 

near the apex of a shoot, 'with phylloclade,/>r., and bud, in its axil, bearing 
leaves, and /'.g. 9 A-F, series of transverse sections from below upwards 

through shoot apex, showing two successive leaves, /.j and /.2, and their phyllo¬ 
clades, pr.^ and pr,^ (Arber) .. 636 

10, A-E, phylloclades of Myrsiphyllum. 10 a, M. volubile (Asparagus volubilis, 
Thunb.), part of transverse section of phylloclade. 10 B and C, M. Krausianiim, 

Kunth (A. Krausii, Baker) ; 10 B, transverse section of phylloclade; 10 C, mid¬ 
rib strand. 10 D and E, M. undulatnm, Schlecht. (A. undulatus, Thunb.); 

10 D, transverse section of phylloclade; 10 e, midrib strand from 10 D 

(Arber) .. 640 

11-16. 11-14, Asparagus trichophyllus, Bunge. iiA, lateral branch with flower-buds 

borne on main aerial axis, dx. ii B, dower-bud enlarged to show articulation, ez, 
near top of pedicel, and basal bract, br , 11 C, lateral branch with a pair of 
fruits at the base. 1 2 A and B, two sections from series from below upwards 
through young group of six Ujeedles in axil of leaf, /.; the process marked x is 
possibly a seventh ne.edle. 12 c, a third section, a little higher, on a larger scale 
to show vasculg.r tissue. 13, central cylinder from a lateral member of a group 
of three mature needles showing six bundles. I4A~e, series of sections from 
below upwards through an axillant scale-leaf j 14 A and B show the free spine, s ,; 

14 c, attachment to axis. 15 and 16, Asparagus plumosus, Baker. 15, longi¬ 
tudinal section of leaf, /., with spine, i., and axillary bud, < 5 ,, from near apex of 
young axis, February. i6a-f, series of transverse sections from below 

upwards through a leaf and bud, February (Arber) . . , • • » ^44 

17-22. 17 and 18, Asparagus plumosus, Baker; 17, transverse section of part of axillant 

leaf, and axis, to show bud, 5 ., with prophyll, /r., February. 18 a and 
B, two spctipns of a fascicle of needles frotn an older shoot, 19-22, A. officinalis, 

L.; 19 A-N, series of transverse sections from below upwards through a young 
shoot, From 191 onwards, development of central axis, A, alone followed. 

20, Sjection through another shoot, for comparison >vith 19 H, on a smaller scale, 
but showing dowers,/'., more completely formed, 21, group of young needles 
in a^cil of leaf /., to show vascular system, 2 2, transverse hand section of mature 
pedicel (Arber) . .... . ...... 648 

23-8. Asparagus officinalis, L. 23 a, transverse section of group of three needles in axil 
of shrivelled leaf, /., showing their attachment to one another and to the axis. 

33 B and C, central cylinder of middle needle (b) and one of the lateral needles (c) 
of 23 A, at a higher level. 24 A and b, hand sections, lower (a) and higher (b), 
in a single needle. 25, bud axis, A, bearing two lateral bracts, ( 5 n, and flower 
pedicek, /., in axil of leaf,the flowers borne on these pedicels are shown in 
20i 26 A and B, two transverse sections showing another pair of pedicels from 

the same shoot as 25, but in which the bracts are differently placed. 2 7A-CJ 
transverse sections from series through group of needles in axil of leaf to show 
scale-leaves, 7^.3, associated with needles w and x, which are not pedicels, but 
terminate upwards withbut further differentiation, as shown in 37 c, cut just'below 
their tips. ■ 28,, transverse section of young,shoot showing cycle' of leaves, , 
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each with needles in its axil; in passing upwards, the needles W and x of each 
group first disappear; then y and z ; and, finally, V is left alone (Arber) . 649 
Asparagus Sprengeri, Reg, 29, group of five needles (v, W, x, Y, z) in axil of leaf, 
with spine, 5, 30 a-G, series of transverse sections through one leaf, 4 , with 

its spine, r,/,, and the five needles, v, w, x, Y, z, in its axil, to show leaves /hj, 
associated with the needles \v and x. 31 a-P, series similar to that in 
30 A-G, but showing lobing in case of w and X, which gives rise to the rudimentary 
needles w' and x 4 32, transverse section of base of three needles, somewhat 
older than that shown in 30 and 31; in this case and f.g are developed on each 
side, but not /r. 33 a-c, transverse sections from series through axillant leaf, 4, 
with spine, s., and group of three needles in its axil; in this case only the leaves 
/ .3 are developed. 34, transverse section near base of a mature needle showing 
beginning of winged form. 35, transverse hand section of mature needle to show 
winged form. 36 a~c, inflorescence. 36 A, node with two inflorescences, and 
i, (one cut off short), associated with needles and a vegetative branch, in the axil 
of a scale-leaf, /. 36 B, transverse section of main axis of inflorescence. 36 c 

and I), transverse sections of pedicel (c) below and (d) above the articulation 
(Arbkr) . . . .. 

37, 38, Asparagus scaber, Brign. 37, side view of scale-leaf with basal spine, 
which, in this species, bears emergences. 38 a~f, transverse sections from below 
upw'ards through base of a scale-leaf. 39, 40, A. retrofractiis, 39 A-C, trans¬ 
verse sections from series through the structures axillant to a single leaf, /. 40, 

transverse section of needle to show single bundle. 41, A. crispus, Lam., trans¬ 
verse section of needle. 43, A. striatus, Thunb., transverse section of needle 

from Boschberg (Brit. Mus. Herbarium) (Arber) ..fis-g 

43, Asparagus falcatus, L. 43 A, transverse section of a needle, 43 B, the part of 
43 A between the arrows. 44, A. aphyllus, L., transverse section of needle. 45 and 
46, A. seilowiana. 45 a, transverse section of turion to show, in axial of leaf /.j, 
lateral bud itself bearing leaves /.a and /.g, with buds 5.^ and in their axils, 
bearing leaves of the third order, 4 g. Higher up, it is found that the bud in the 
axil of the third leaf borne by 5 .i has needles in the axil of leaves of the order 
of/.g. 45 B, section through Ag at a level a little below that of 45 a, to show 

attachment to axis. 46 A and B, two transverse sections from a series through 
a leaf (probably corresponding to /.g in 45I and its axillary needle-group (Arber) 657 
Young mycelium on surface of main root; branches just entering the cells (Rivett) 663 
2. Branched and unbranched tubercles. 3. Very young tubercle with setae, s (Rivett) 664 

s., setae; exterior fungal hyphae; R., root-cap cells of host (Rivett) . . 666 

Transverse section of a young tubercle (Rivett) . . . . , , , 667 

Longitudinal section of a young tubercle (Rivett) , . . . . , 668 

First stages of infection (Rivett) . ... . . . . . * 

8. Semi-digested mass of hypbae resembling * sporangioles 4 9. Reinfected ceil* 

10. Reinfected cells (Rivett) . . . ... , . . . 6'"0 

Cell with hyphae nearly digested (Rivett) . , , . . . , ^ 5^1 

To show distribution of stainable material. LongitucUiial section of young ^ 
tubercle (Rivett) , . . . . V' ,' " . 673 

13. Old branched tubercle. 14. Infected cells from old tubercle fixed in late 
" winter (Rivett) . . . " , ' ( , , ' 

Gampbellia aurantiaca. I, Flowering shoot. 2. Calyx and bracteoles. 3. Corolla, 
opened to show stamens and style. 4* Inner stamen, viewed from the back, 

5. Outer stamen, from the back. 6. Open anther. 7. Style.* 8. Abnormal 
stamen. 9. Abnormal stamen. 1-3 copied from the painting of August i860 
,,(Petch): .4 

€. aurantiaca. to.. The irmt,-''>ali;.removed. tt.''A' p body , 4 ' 

, (FETCM) 4y.V. . .4 4 .'' 

; ,C. aarantmca.^ , 12.' TongitudiGaI:mediah'seciionr>f the fruit, showing the septum'' ' 
,,.,^,:;:(pbliquely lined), the areaof atladiineht'Ofthe placentas,(dotted)i ,aiid'the m,^ian'4 4' 
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perforation. 13. Fruit, wall and seeds removed, showing the two placentas of 
one loculus. 14. Longitudinal section of ovary, perpendicular to the septum, 
slightly to one side of the median plane. 15* Transverse section of ovary in 
lower half, placentas obliquely lined. i6. Transverse section of ovary, about the 
middle. 17. Transverse section of ovary in upper half (Fetch) . . . 688 

Christisonia spectabilis. 18. Flowering shoot. 19, Calyx, stamens, and style. 

30 . Stigma, enlarged (Fetch) .. .695 

Distribution of 266 plants of the British flora confined to England and Wales 

(Matthews) 709 

Distribution of 105 * Anglo-Scottish * species of the British dora (Matteiews) , 711 

Vice-comital distribution of fifty-five southern species of Anglo-Scottish element 

(Matthews).713 

Provincial distribution of ditto (Matthews).714 

Distribution of boreal species of Anglo-Scottish element (Matthews) . . .719 

1. Germination of a conidium and development of a chlamydospore. 2, Young 
sclerotium developing. 3. Sclerotia more advanced. 4. Sclerotia mature j 
Seta from sclerotium. 5. Section of a sclerotium. 6. Acervulus and sclerotia. 

7. Acervulus compressed beneath a cover-slip (Chaudhuri) .... 736 

Average dry weights and lengths of barley plants grown in nutrient solutions with 

different concentrations of ethyl alcohol (PURi).747 

Ditto with different concentrations of methyl alcohol (PuRl) ..... 748 

Average dry weights of three series of barley plants grown in nutrient solutions with 
different concentrations of ethyl alcohol added at different stages of growth 

(Puri) . . . '. .751 

The effect of constant shaking on the absorption of methylene blue by mangold from 
a solution containing magnesium chloride at 20® C. (Mann) .... 758 

The absorption of dyes by discs of mangold tissue immersed in 0*01 per cent, solu¬ 
tion at 20® C. (Mann) ..759 

The absorption of chloride by mangold from solutions of the salts at 20® C. (Mann) 761 
The absorption of methylene blue and ammonium chloride from solutions containing 
0*01 per cent, of the d'ye and various concentrations of the salt (Mann), , « 763 

The absorption of neutral red from solutions containing ammonium chloride in 
various concentrations by mangold at 20® C. (Mann) . , , . . . 764 

The absorption of methylene blue and neutral red by mangold from solutions contain¬ 
ing magnesium chloride in various concentrations at 20° C. (Mann). , . 766 

The influence of the presence of the chlorides of ammonium, magnesinmj aluminium, 
and lanthanum in various concentrations on the absorption of methylene blue by 

mangold at 20° C. (Mann).■ . . 773 

Ditto on the absorption of neutral red by ditto (Mann) ..... 773 

A photograph of the leaves of Abutilon asiaticum, G. Don, showing the marginal 
and intravascular decay. The leaves were extracted with alcohol and treated with 
iodine. The unstained regions indicate the cessation of functional activity 
(Dastur) . . , . . ■ . . . ■ . . . . .781 

Fasciated Roots of Caltha palustris, L. (Moss) . . . . . . . 789 

„ ,, , ■ jj if yt ....... 79 ^ 

a and B, a Petri dish shown in section and in surface view respectively. The ring- 
cells are set in holes in a sheet of wet filter-paper, jf>. The cover-slips in a bear 
hanging drops of agar, c, a needle used for making monosporoiis cultures. 

D, an agar spade, used for transferring hanging drops containing mycelia from 
ring-cells to poured plates (Hanna) . . . * . ... . 793 

Piece of a glass slide with a^dryj spore-deposit of Coprinus sterquilinus. In the 
middle, a dry needle-point used to "pick up individual spores. A spore is 
attached to Its'tip (Hanna) , . ■■ "A. ,■.,"794 
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2 Sardad/iz^ari, — Cytology of OsMiinda and Doodta. /* 

heterotype and homotype mitoses in the above two types. The cytology 
of Os7ntmda has been the subject of much study in the past. Twenty-three 
y ears have elapsed since the publication of Strasbiirger’s ( 16 ) account of the 
heterotype division of Osmmida regalis. In the same year. (19^^) Wilson 
Smith ( 17 ) published an interesting account of the achromatic spindle in 
the spore mother-cells of Osmtmda regalis. Prof. Farmer, with Moore ( 8 ), 
selected Osnmnda regalis as one of the subjects dealt with in their memoir 
{1905) ^ On the Meiotic Phase (Reduction Divisions) in Animals and Plants \ 
In 1907 Gregoire (12) described the origin of heterotype chromosomes in 
Osfmmda^ and maintained the lateral approximation of the chromosome of 
maternal and paternal origin during synapsis. In 1910 Yamanouchi ( 18 ) 
published his paper on Osmunda cinnmnomea, where he also supported the 
parasynaptic theory of Gregoire. 

Subsequently, Miss Digby s exhaustive study of Osmunda brought to 
light some interesting facts, hitherto unnoticed by previous investigators. 
Her paper * On the Archesporiai and Meiotic Mitoses of Osmunda * was 
published in 1919 (5), and her investigations leading to the conclusion 'that 
Osmunda affords strong evidence in favour of the telesynaptic theory of the 
origin of heterotype chromosomes ’ may be considered as forming a very 
important contribution to the literature of meiosis. 

Being much impressed with the difference in the accounts given by 
various investigators, and with the divergent views expressed as to the origin 
of the heterotype chromosomes of the above fern, the present investigation 
was started. The main objective has been the comparative study of the two 
types Osmunda and Doodia* The present paper will be confined to the 
somatic and meiotic mitoses of Doodia^ with special reference to the origin 
of heterotype chromosomes. Doodia is perhaps a more suitable fern than 
Osmunda for cytological study, owing to the fairly large size of the nuclei, 
the low number of chromosomes, and the clearness of figures. Sections of 
roots were examined for the study of somatic divisions. 


Methods. 

Three species of Doodia —(1) Doodia aspera, R. Br.; (ii) Doodia aspera. 
multifida^ Hort.; (iii) Doodia media^ R. Br., Australia and New Zealand-—were 
minutely examined, and the root-tips of Doodia aspera particularly 

well fitted for the study of mitoses in the vegetative cells of plants. The 
cells are rather larger, and, in propeiiy stained materiai, the cell-structures, 
especially the chromosomes, are to be seen with almost diagrammatic 
,:::;::pearness. 

in\Thi$--’;'ihvestigation'' has 'been' "grown" at.,:the 
I IJIpf i|ea;7Physic ■' ■ Garden,,;'' under:the---';,direct.; ;s,upervision, of :the , eurat or,„'Mr. 
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Hales, to whom I am greatly indebted for a constant supply of suitable 
material. 

There was no difficulty in ‘ fixing/^ the root-tips, which in most cases 
proved to be very satisfactory ; but considerable difficulty was encountered 
in fixing the sporangiferoiis apex of the fronds. Being much disappointed 
with the results. Professor Farmer’s suggestion to Miss Digby of immersing 
the material in warm weak spirit before placing it in the different fixatives, 
was tried with very satisfactory results, and it rendered the ensuing fixation 
almost perfect. All the different strengths of warm spirit, ranging from 
5 to 45 per cent., were tried, of which 35 per cent, gave the best result 
The sporangiferous apices of the frond were cut, and, after plunging for 
a few seconds in 35 per cent warm spirit, were placed in fixing fluids, 
A vacuum pump was used in all cases,._and is essential to success in such 
work. Fixations were chiefly made between 11.30 a.m. and i p.m. on bright 
warm days. 

The fixatives used were strong chromic, acetic alcohol, corrosive sub¬ 
limate, P'iemming's strong and Flemming’s weak solutions, and Hermann's 
solution. The latter gave excellent results as the beaded nature of chromo¬ 
some and the details of fission were most clearly brought out by this 
particular fixative. It afforded in this respect a distinct contrast with the 
effects of strong, as well as weak, Flemming’s solution, where, in similar pre¬ 
parations, the chromosomes seemed to be more or less homogeneous. Some 
of the preparations of chromo-acetic acid were quite good where the material 
was kept in the fluid for about thirty-four hours with two or three changes, the 
material havings been washed sixteen to twenty-two hours by means of rapid 
changes of water, gradually dehydrated and cleared in xylol. To 100 c.c. of 
chromic acid of 0-5 to i percent, are added from one to four drops of glacial 
acetic acid—the proportion of acetic acid is quite sufficient to counteract any 
tendency to shrinkage due to the chromic acid. Merkefs solution proved 
to be unsatisfactory. Ail the materials were embedded in paraffin melting 
at 54° C., 

Sections were cut at 4-10 ju. thick, varying with the different stages 
■sought.' Most of the sections cut at 5-6 p, thick were quite useful for 
.critical phases. . . 

' For staining the sections, Heidenhain’s iroii-alum-haematoxylin, both 
with and . without a counter-stain, gave the , best results, especially .during 
the early prophases of heterotypic division. Some of the sections stained 
by Heidenhain’s iron-haematoxylin, with orange G as counter-stain, 
■turned'.out to be very successful for late .telophases. For .the, spindle, and 
in some mstances for the spireme, Flemming’s triple stain was. found .'to; be 
preferable.. Breinl (safra.nin, methylene blue, and^ orange G.) was' " also... used, 
Though'without'much'success. 
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Somatic and Premeiotic Mitoses. 

1 

Chromosomes in Late Telophase. 

It is necessary to start the investigation at the late telophase^ so that 
light may be thrown on the much-discussed phenomenon of the origin of 
heterotype chromosomes. Although the Telosynaptists and Parasynaptists 
are quite in accord with each others’ views, in so far as the evolution of the 
somatic chromosomes are concerned, yet some clues might be obtained 
which would enable the heterotype chromosomes to be more easily traced. 
Of course^ the ^ resting nucleus' is not early enough to begin with. There 
is difficulty in unravelling the course of events, as some nuclei pass directly 
from somatic telophase into heterotype prophase, while others pass into 
interphase and subsequently to resting stage. Tl% later phenomena is 
evident in the somatic mitoses. 

The chromosomes break up into portions, and these are distributed 
throughout the nucleus. Each chromosome resolves itself into two parallel 
lines, which are sometimes homogeneous, but more often contain granules. 
Authors differ as to the period when longitudinal splitting is produced. 
Miss Digby (7) interprets the phenomena of telophase observed in Osmunda 
regalis as an example of longitudinal splitting of the premeiotic (somatic) 
chromosomes. The division commences sometimes at anaphase of the 
preceding mitoses, but it is clearly apparent when nuclear membrane is 
formed (PL I, Fig. i). Several investigators have described and figured the 
vacuolization of chromosomes in plants, at this particular stage, in an almost 
diagrammatic manner. In our material, although the ' diagrammatic vacuo¬ 
lization ’ is not so clear as that of other workers (15), its presence is quite 
evident in rather late stages (PI. I, Fig. i). Some of the segments of 
chromosomes when examined in surface view are seen to be distinctly 
alveolized (PI. I, Fig. i). There is a clear median line, on each side of 
which are two parallel deeply staining lines (chromatin). This is especially 
apparent in sections fixed in Hermann’s fluid. 

The building up of the Chromosomes, as in Primula, according to Miss 
Digby’s account (4), is in the form of granules arranged in a simple ro w. The 
chromosomes are organized as beaded (uniseriate) filaments, and the same 
thing, occurs'in(PL I, Fig. 4), Gradually these,'granules, which ;at 
'.'"first 'only take 'the stain , weakly,’ become more ' or less chromatic and; 
,'^end , by forming;, 'a, the'filament, a' homogeneous chord ,of smooth '' 

i,;:'Contour. '■ According' to some ;c,ytologists, these' fine granules''tend: at: first' 
to gather themselves into small, definite, and paired masses ; then these 
gradually disengage themselves; their substance is dispersed ■across,' a' 
linin reticulum. 
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Gregoire ( 13 ) in 1906 showed that in the roots of AUium each 
chromosome resolves itself into two parallel lines composed of threads or 
grannies* This parallelism is to be seen in parts of the linin, almost in 
a diagrammatic manner, in Doodia (PL I, Fig. i). A clear space round the 
nucleus is visible when the iinin framework is more or less distributed 
throughout the nucleus (PL I, Fig. i). So the .statement made by 
Gregoire ( 13 ), that in the alveolizaiion of c/iromosomes during the telo¬ 
phase the chromosovie band dissolves itself into two parallel filaments with 
an intervening space^ applies in this case also. The investigators who 
describe at the telophase, or even metaphase and anaphase, a longitudinal 
splitting of chromosomes admit that these persist as double bands at the 
interphase and reappear in a distinct manner at the commencement of pro¬ 
phase. These double bands directly give rise by a close connexion, of each 
half to definite chromosomes. These double structures are intimately 
associated in pairs, and do not lose their identity in somatic prophase after 
passing through the resting stage. Evidence of duality can be traced even 
at the resting stage, where some of the filaments are in pairs. This 
supports Miss Digby's statement ( 3 ) that in Galtonia candicans the relation 
betw^een telophasic alveolization and longitudinal prophasic division is quite 
possible. 

Interphase. 

The nuclear structure at the interphase is a network of almost dia¬ 
grammatic regularity, composed of linin reticulum in which are embedded 
chromatic granules (PI, I, Fig. 4). The nucleus presents certain parallel 
aspects which are present at the telophase. Thus, one recognizes a con¬ 
siderable number of parallel filaments which might be taken for double 
bands (t^L I, Fig. 4) if one had not studied their origin. The parallelisms 
indicate that these chromosomes have hardly undergone any change of 
position since the commencement of telophase. 

The nuclear structure is rather elongated, the filaments being long and 
■passing one above, the other. They are pale, with here and there knots 
deeply stained (PL I,'Fig. 4). Numerous anastomoses can be seen. The 
w^hole nuclear, cavity is occupied by the network, which does not leave any 
free space around the nucleolus in well-fixed nuclei (PL I, F'ig. 4). 

In Osmtmda cinnamomea, Yamanouchi ( 18 ) describes an irregular 
reticulum, .composed of small, highly-coloured,, and jagged masses 'and 
slender,filaments.,' 

Resting Stage. 

, ,It ,IS',rather difficult to find out., in quickly dividing . cells of the., root-tip' 
any stage'rep're'senting, real * rest L , Still,, by ■ careful observation.,' 0',ne''may 
'■ ,fi.nd. somC' cells,'' which are., in so-called ‘ resting 'stage ' Tn the 'i-esting 



6 Sarbadhikai^.— Cytology of Osmimda and Doodia^ L 

nucleus the chromatin is fairly evenly distributed throughout its substance, 
and there is a large nucleus (PL L Fig, 3). Miss.Digby had some difficulty 
in finding cells with real resting stage in Galtonia candicans (3) ; she 
describes ‘ resting nucleus' in the archesporial cells of Osnnmda regalis ( 5 ) 
as composed of delicate reticulum, with filaments separated from each other 
and composed of granules. Beer ( 2 ) does not state definitely the con¬ 
stitution of the filaments, but he seems to admit the existence of independent 
chromatic granules, 

PL I, Fig. 3 shows a very early stage of the so-called ' resting nucleus 
where it is provided with delicate network in which are distributed small 
chromatin granules which are quite distinct and take a deep stain in 
Heidenhaiii's iroii-alum-haematoxylin. 

The threads in most of the nuclei are so delicate and rare that the 
nucleolus appears to lie in the centre of a perfectly colourless space. The 
cytoplasm with fine granules is of uniform network. 

One or more nucleoli can be found at this stage as well as in prophase. 
In some cells several nucleoli may be aggregated in a peculiar manner, and 
these by division assume a peculiar hour-glass form (PL I, Fig. 2). This 
phenomenon has been observed and described in animals and in plants by 
Several investigators. 


Prophase (Somatic and Premeiotic Mitoses). 

In the very early stage of prophase the reticulum is seen to break up 
in certain parts (PL I, Fig. 5). The material of each reticulate unit is repre¬ 
sented at the beginning of prophase by a double or single row of granules 
which unite afterwards with one another (PL I, Fig. 4).^ The fine granules 
tend, at first, to gather themselves into small, definite, and paired masses ; 
then these gradually disengage themselves and take their place at the points 
of intersection of the filaments. After condensation of reticulate unit, the 
zigzag threads are formed which soon begin to straighten out (PL I, Fig. 6), 
giving rise to definite chromosomes. 

It is possible for the separated portions of the reticulum to be condensed 
directly into slender threads, representing definite chromosomes, without 
passing through the zigzag stage. Miss Digby ( 3 ) describes a similar 
'■occurrence in Galtonia,: . , 

Some investigatofs are of opinion that at the commencement of prophase 
the chromosomic element presents the form of alveolized bands which 
become progressively concentrated while retaining their thickness. They 
gradually lose their alveolized form in which longitudinal division is slowly 
produced, or these bands give rise by irregular repartition of their substance 
to a zigzag filament which undergoes a longitudinal division before becoming 
a definite chromosome. Gregoire (IS) in maintains the condensation 
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of separated portions of the reticulum directly into slender threads without 
passing through a zigzag stage. 

The alveolized bandsj giving rise to definite chromosomes, are identical 
with those of the preceding telophase, and after being indistinguishable, 
though not really lost, in the network of the resting stage, disengage them¬ 
selves afresh at the commencement of division. They would thus give rise, 
by a method of gradual concentration, to chromosomes. 

Perhaps it will not be quite out of place to quote here the description 
given by Farmer and Moore (8) regarding the like phenomenon in the 
somatic cells of Periplaneta americana ; 

P . . , the cells of the premeiotic series which are about to divide, whether 
they are encountered within the sexual glands or elsewhere in the tissues 
of the body, present the rather characteristic appearance represented in 
fig. 40, a very irregular network of chromatin and linin being grouped within 
the nuclear membrane round one or two highly chromatic nucleoli. . . . At 
first, the ceils which are preparing for division present an almost even granu¬ 
lation of the chromatin within their nuclei, and this in its consistency 
strongly suggests a foam structure of the ordinary type; but after a time 
the chromatic confusion ”, as it were, sorts itself out into obvious conden¬ 
sations or cloudy areas, and it is apparently unquestionable that each of 
these primitive chromatic clouds is individually the forerunner of one of the 
future chromosomes. The gradual condensation which occurs in each 
such cloud proceeds, moreover, in such a manner that the chromatic granules 
become arranged or grouped into two distinct rows or tracts. So that by 
the time the individual chromosomes have attained to some sharpness of 
definition they appear also as if they had been split longitudinally from 
end to end.’ 

Gregoire, as long ago as 1906 ( 13 ), as the result of a careful investiga¬ 
tion of Allitim and certain other Liliaceae, concluded that the ‘ vacuolization ' 
which T>cciirs in the telophase of a mitosis is responsible for the appearances 
which have been interpreted by some authors as signifying longitudinal 
fission. 

Up to the publication of Miss Digby’s ( 5 ) work on Osmunda tegalis^ 
the descriptions which have been given of the somatic mitoses of Pterido- 
phytes by diiferent authors include an identical process in the stage or 
propliase* Yamanouchi ( 18 ), however, found in Osmunda cinnmmfma 
that, contrary to the general rule in plants, prophasic bands did not suc¬ 
ceed 'ike alveoliued bands of the telophase. Indeed, from PI. I, Fig. 4 one 
recognizes in the nuclei at the commencement of prophase the presence of 
alveolized bands. , Then appears a. stage of zigzag filaments (PL I, Fig. 5). 
The prophase constitutes a series the reverse to that of telophase. The 
" chromosomic longitudinal halves, which have been separated ;*at ;. the end' 
of the''telophase, come'together and formdual'filaments. ' The,; two 
'filaments may be' still granular and 'separated'^ then they become intimately 
■ associated''and' form '''a;: single thm^ which will be' segmented into chromo-' 
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sonies. Fine anastomoses bind together the different chromatic fila¬ 
ments* 

A. remarkable and somewhat complex growth of chromatin within a 
matrix, which is apparently the linin of other authors, has been described 
by P. Martens The account suggests an independent growth of 

a thread of ' chromonematique ’ substance, the latter apparently identical 
with a thread of nuclein material, embedded in the achromatic Hnio* By a 
series of convolutions in the former, a flat ribbon is formed, and owing to the 
thinning out of the middle portions lying .between the edges of the ribbon¬ 
like commluted band ofchromonematique ’ substance a separation into two 
longitudinal halves occurs in the chromosome milage. This account, in 
effect, wmuld seem to imply the disposition, on the two sides of the ribbon, 
of chromatin particles that originally were arranged lerigthivise in the 
^ chromonematique ^ filament. Martens {l^a) believes his observations 
dispose of both the ^alveolization’ and the ‘longitudinal fission' theories of 
chromosome division, in so far as telophase and (presumably) prophase 
are concerned. 

Longitudinal Splitting of the Chromosomes. 

PI. I, Fig. I shows that an indication of vacuoles can be observed along 
the axis, which develop into more or less continuous thread. The nature of 
the double spireme is to be seen from the earliest stage. At first it consists of 
a double series of granules which place themselves on the nuclear frame¬ 
work, side by side. The dissociation (separation) of the spireme into two 
distinct longitudinal bands is considered as a definite fission; Grdgoire (12) 
is of opinion that the longitudinal division is essentially a praphasic 
phenomena. Sharp ( 15 ) also, in describing the somatic chromosomes in 
Vida, is of opinion that the longitudinal splitting is a phenomenon of 
prophasic period. Although these investigators agree in ascribing the 
process to a fairly early stage, they nevertheless differ concerning the 
predse moment when the splitting is produced. On the one hand, accord¬ 
ing to several authors, division is only effected at the moment when the 
chromosomes are inserted into spindle fibres, or indeed when they are 
definitely arranged in the equatorial plate. But this view regarding the 
somatic chromosomes is not accepted by Gregoire ( 13 ). On the other is the 
opinion, generally admitted, that integral bipartition of the elements of 
chromosomes occurs by means of a series of vacuoles being formed along the 
axis. These vacuoles, accordingly, would unite to form a continuous split 
separating the sister halves of the same chromosome. 

The chromosomes at the metaphase, at least those of central parts, are 
laid down parallel with spindle fibres, and present their nearest extremities, 
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often a little curved (PI. I, Fig. 7), arranged very regularly in the equatorial 
plane ; the rest of the body is more or less straight or sometimes curved 
(PL I, Fig. 7). The chromosomes of the edges were nearly always disposed 
according to their length in the equatorial plane, and form a sort of 
crown which is rather distinct in the metaphases, seen from the pole 

(PI I, Fig. 7 ). 

The double nature of the chromosomes is remarkably prominent when 
they arrange themselves upon the spindle just before their anaphasic 
separation. In this particular stage, with special reference to somatic 
chromosomes, the longitudinal fission is so distinct and well extended that 
they seem to separate the daughter chromosomes from one end to the other 
(PL I, Fig. 7). The longitudinal split is extremely perfect. 

At first, the chromosomes are attached to the spindle by one end and 
lie at right angles to the plane of the spindle (PL I, Fig. 7). As the 
chromosomes take their place on the spindle, the spindle fibres are attached 
to them on particular parts. The point of attachment of the rather long 
chromosomes is distinctly at the middle (PL I, Fig. 7). 

Some of the chromosomes, instead of remaining straight, become 
somewhat twisted in the form of a more or less wider loop or V, the sides of 
which are well extended (PL I, Fig. 8). The split appears to be more 
prominent in the straight chromosomes than in the twisted ones. 

It is necessary to call attention to a rather curious and interesting 
phenomena observed in metaphase. At present we only mention it, as we 
intend to deal with it later. Some of the chromosomes in metaphase were 
observed in pairs and appear to cross each other (PL I, Figs. 8, 9, 10, ii) in 
a way which recalls what is known as chiasmatype. The appearance in 
question would evidently have presented less difficulty, and less interest 
perhaps, had it been found in the heterotype instead of in somatic mitoses. 

Gates (10), in his study of the chromosomes in somatic mitoses in 
Oenothera^ mentions the paired arrangement of chromosomes which is so 
conspicuous in metaphase. 

The nucleolus vanishes with amazing rapidity and leaves practically no 
evidence of its former existence, even at such an early stage of metaphase, 
when chromosomes complete their equatorial arrangement. 

Anaphase. 

' The anaphases of somatic mitoses- are represented in Pi. I, Figs, i 13,14. 
f'ig. xa shows a rather earlier stage of anaphase, in which the chromosomes,- 
in the form of loops or rods, are on their way to the poles ; the longitudinal 
fission in some of, the,'chromosomes is still ..quite: evident. In some the: split 
is almost through;and through, as’was s.een in-metaphase,' whilst in .others' 
it is-visible'only, in'some'.'portions (Fig. iix)'. Fig.; 13, shows'"a later'-.stage 
where a more co;mpact group of the daughter' chromosomes' is, .being 
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formed. Gradually the chromosomes approximate closely to form a con¬ 
fused and more or less homogeneous mass. In Fig, 14 is found a still 
more advanced stage, in which the chromosomes are fused into masses, in the 
middle of which vacuoles are formed. In the median plane of the spindle 
are found indications of a cell-plate. 

GeneRxVL Considerations on the Somatic (Premeiotic) Mitoses. 

The points of special importance emerging from the above events are : 

I. The persistence of longitudinal fission (which is most marked in 
metaphase) in the succeeding stages. The longitudinal fission seems to be 
of teiophasic origin. 

%. All the phenomena in connexion with the telophase of previous 
division have an important bearing on the phenomena of early prophase. 

3. The chromosomes, the sides of which separate widely, become 
alveolized distinctly in telophase, although the first indication may be 
observed in rather advanced stages of anaphase. 

4. The formation of each ultimate chromosome involves a side-to-side 
approximation of the parallel longitudinal halves which have originated 
during the preceding telophase. 

5. Some variation of nucleolus in the form of hour-glass shape was 
observed.' 

6. In metaphase. some of the chromosomes were observed in pairs. 

First Mexotic Division. 

In the following paragraphs no attempt will be made to discuss many 
detail the vast literature of the much-debated question regarding the chromo¬ 
some reduction. Cytologists are familiar with the two different accounts 
concerning the mode of origin of heterotype chromosomes. In this paper 
an attempt will be made to state some of the broad, rather clear, and well- 
defined aspects revealed by the microscope, with special reference to pre- 
synaptic and second contraction figures, and consequently the possible 
interpretation derived from the evidence of this particular specimen. 

Presynaptic and Synaptic Phases. ■ , . 

In studying the prophase of first meiotic division, one is confronted at 
the outset with some of the striking resemblances which are found in the later 
telophase of the somatic chromosomes. The same alveolar or reticulate 
structure, with its familiar arrangement of beads in single or double lines, 
can be seen in such a distinct mariner as to suggest a sequence of events 
between the teiophasic alveolization of somatic chromosomes and the 
vacuolated nature of the early heterotype chromosomes. 
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As in the somatic divisions, the chromatin of the very early prophasic 
nucleus, or at least those which are destined to proceed to heterotypic 
mitoses, seems to be diffused throughout the linin and to stain more faintly. 
The granules of chromatin seem to be distributed irregularly; their aggrega¬ 
tion can be seen more in the angles where the delicate filaments, or alveoli, 
meet (PL I, Fig. 15 ; PL II, Figs. 16,17). These figures show cells where the 
reticulum is distributed rather uniformly throughout the nuclear cavity; the 
beaded linin reticulum seems to be more or less of coarse nature; careful 
focus will reveal also some of the delicate threads of reticulum running in pairs 
(PI. II, Figs, 17 and 18). These phenomena become clearer and clearer as we 
gradually proceed to the comparatively later stages. The reticulum gradually 
loses its reticulate character and at the same time the chromatin of the 
beads becomes more and more uniform until they show a distinct spireme 
nature (PL II, Figs. 20, 21). Figs. 18 and 19 show a slightly more advanced 
stage where the linin appears to withdraw a little from the centre to the 
framework, leaving a more or less clear space in the centre of the nucleus. 
Some of the linin fragments are seen to be vacuolized, and the pairings of 
the threads, forming distinct parallel lines, are evident from PL II, Fig. 19. In 
still more advanced stages, where the linin fragments assume more definitely 
their usual spireme character, long lengths may be seen running parallel to 
one another (PL If, Figs. 20, 21). The parallel arrangement is seen to be 
traversed, in some places, by beads connecting the two adjacent filaments 
(PL II, Figs. 19, 20) and giving an appearance of a sort of ladder-like 
arrangement. 

First Contraction. 

Just before the first contraction the spireme threads withdraw from the 
periphery and aggregate in the centre irregularly (PL II, Fig. 22). The 
nuclear periphery is quite clear and the threads are aggregated towards the 
centre (PL II, Fig. 22). The spireme threads exactly resemble a loosely 
tangled skein of wool. Fission is almost lost at this stage, traces of 
it being visible' only in portions of the thread (PL II, Fig. 22). At' this 
stage one is baffled in the attempt to trace out the continuity of the threads 
'■Subsequent attempt might lead to the conclusion that the continuous thread 
is present. The falling back In loops is one of the characteristic features of 
this stage, from which some arrive at a positive conclusion regarding the 
continuity of threads. The big spherical nucleolus is almost hidden in the 
extremely complicated tangled mass. 

Synapsis. 

' ,'■ ,We have", mentioned that ■ the above stage, namely,,, withdrawal of 
spiremeThreads' from the 'nuclear periphery, is of short' durationv '''.'Follow,,ing 
this,: the'Stage'of oynapsis proper begins. The, threa'ds:'Or the,;, coils',, of the 
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liEin are aggregated densely and occupy their position at one side of the 
nuclear periphery (PL II, Figs. 23, 24). Gradually almost all the contents 
of the nuclear cavity are aggregated' so,as to form a knot; this ball of 
tangled threads lies at one side of the nucleus ; some parts of the tangled 
thread remain distinctly free from the general mass and twist and loop 
over each other (PL Fig. 24). One can recognize from this bending 
over of the loops the presence^of a longitudinal split which is temporarily 
lost in the tangled thread (Pis. 11 , III, Figs. 24, 28). Most of the outer 
bends of the loops of spiremes In presynaptic stages are seen to run parallel 
in parts in such a way that they suggest nothing but close approxi¬ 
mation of the two threads of the same filament (PL 11 , Fig. 25)- When 
these parallel threads enter the synaptic stage they usually condense and 
contract and gradually approximate in such a way that they appear almost ‘ 
of homogeneous structure (PL III, Figs. 28, 29). In most of the favourable 
preparations the presence of the fission, at least in certain parts, is never 
lost. One must be very careful in the choice of fixatives, especially at this 
particular stage. Hermann s solution is extremely suitable at and from this 
particular stage to demonstrate the beaded nature of the spireme, which 
shows up very clearly (PL II, Figs. 23, 24, 25). When fixed in Flemming’s 
w^eak and strong solutions the spiremes appear as rather homogeneous 
strands (PL II, Figs. 26, 27). The spherical nucleolus, which only stains 
feebly, is situated excentrically at the clear nuclear cavity (PL II, Figs. 

The process of the evolution of the synaptic thread and the relation of 
the subsequent duplicate character are extremely interesting iriDoodia, Out 
of the densely staining intricate mass, which sometimes makes it difficult to 
follow the sequence of events, can be seen the association of threads of each 
monovalent chromosome. That the threads have undergone a process of 
complete sorting out in synapsis is evident from the fact that as ike spireme 
emerges from syjiapsis ike difference in thickness of ike filaments is most 
remarkable. The delicate string-like filaments now assume the form of 
a ribbon with longitudinal splittings more and more prominent. The same 
appearance of the spireme as was seen just after the first contraction stage, 
or, in other words, at the beginning of synapsis, is again met with, the only 
difference being the thickness of the spireme forming a ribbon-like structure. 
The less intricate anastomosed ribbons are thrown into loops and some of 
them extend quite to the nuclear periphery. One can recognize from these 
the distinct pairings at intervals in the broad ribbons (PL III, Fig. 28) with¬ 
out difficulty. The association of the threads is evident enough from the 
sides of the loops. There cannot be any doubt, even from this phenomenon 
(and the subsequent event), that the association of the threads is now almost 
complete, and that the univalent chromosomes consist of two threads. From 
Lhis; stage onwards, especially just before the second'contraction stage,'the 
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univalent spireme will be seen- to be distinctly of a double nature—the 
doubleness is due to the close proximation of two threads. 

The interesting results which have been published by Gates ( 11 ) as the 
result of his investigations on hybrid Oenotheras lead one to the belief that 
there also the doubling is in reality due to a split which closes up later, 
rather than to the association of separate spiremes. 

Hollow Spireme. 

As the synaptic knot loosens, the nuclear cavity is again invaded by the 
irregular masses of threads, provided with beads of chromatin in single or 
in double rows (PL III, Fig. 29). At first the split is represented by the 
beads of chromatin which lengthen out and arrange in rows. The beads 
are joined by very line threads. Gradually in more advanced stages the 
halves of each beaded line separate from each other and run in two distinct 
parallel rows. Again the excellent results obtained from Hermann-fixed 
materials at thisstage deserve mention. PL III, Fig. 30 shows a carefully fixed 
section where every portion of the spireme thread distinctly shows its 
split character (fission). The fission is not complete, but is closed up at 
regular intervals, especially at the earlier stage of hollow spireme. The sides 
of each thread of the univalent spireme become more or less homogeneous as 
they proceed to the advanced stage and the separation in each thread becomes 
increasingly wider. Some of the split univalent spiremes may present the 
appearance of chain-like structure, while others show a sort of moniiiform 
aspect. These graded swellings cannot be the approximation of originally 
separate filaments, nor can they be a lateral conjunction of two distinct 
entire spireme filaments, representing each a somatic chromosome, as 
Gregoire ( 12 ) described them, but they clearly represent separation of uni¬ 
valent chromosomes into two distinct half-threads. They are not thennion of 
slender filaments in pairs ^ but the disunion of ttm threads of the same fila¬ 
ment {the univalent spireme). Although they may appear in some parts to 
be formed of two interlaced filaments coming together, in reality they are 
two dissociated threads separating from one another. The point will be 
more clear as one proceeds to the later stages. PI, III, Fig. 31 depicts a rather 
advanced phase of hollow spireme, w^here some of the univalent spiremes 
with more pronounced fission show a tendency to fall over in loops. Some 
of the filaments (especially that marked tz) show clearly that the fission 
goes right along from one end to the other, and the striking similarity 
with the fission of somatic chromosomes (PL I, Fig. 7) leads us to the -conclti- 
sion that are., like somatic chromosomes^ sister halves of .the same 
chromosomes and not approximation of two e 7 iiire somatic ckromos.omes. 

'/-The existence- of 'free'bifid :-ends can be maiiitamed in thisTate stage 

' Miss Digby''( 5 ) describes in' Oemundahow the fissions becom'e rapidly 
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closed up as they proceed to still later stages ; subsequently^ just before the 
second contraction, there cannot be seen a single univalent chromosome 
where fission is visible. In her Fig. 59 {Osnmnda) one can see that 
there is not even a trace of fission in any of the spiremes, and they 
all look quite homogeneous. We find that our material differs in this 
respect. In Doodia we have not been able to find a single instance where 
this complete closing up of the fission can be observed. From the evidence 
afforded by this material we are of opinion that the fission is never closed 
up ; its presence can always be recognized—although it becomes more or 
less indistinct in the thick spireme stage. It is not denied that the separated 
halves of the filaments gradually re-approximatej that this process con¬ 
tinues to the later stages till they are very indistinct, and that there are 
stages where their presence is extremely difficult to recognize. But, 
nevertheless, we cannot say for Doodia that the split ever becomes 
absolutely closed np^ to reappear after some time. The halves become 
more distinct, but not after the closing up altogether. 

After a consider^-ble amount of loosening of the synaptic knot, and the 
nuclear cavity being filled up by the beaded univalent spiremes, the first 
indication of ‘looping over’ of the spiremes is evident (PL III, Fig. 31). 
They loop over and twist in certain places and then run parallel for some 
distance (PL III, F'igs. 30, 31). Gradually, in a little advanced stage, the 
univalent spiremes are seen to run parallel very closely and the space 
between them becomes less and less (PI. Ill, Fig. 32). PL III, Fig. 31 shows 
a ‘looping over’ of a spireme, which is beaded in character, emerging 
from the big nucleolus at the periphery. The sides of the loops with 
fission, attached to the nucleolus, are seen to run parallel with each other. 
Sometimes just the reverse phenomena happens, where the spiremes, after 
running parallel for a considerable portion in the nucleolar cavity, suddenly 
take a twist and turn in opposite directions (PL III, Fig. 35). As the 
twisting, looping, and running in parallel of the two univalent spiremes 
happens, their sides seem to be more thickened and condensed (PL III, 
Figs. 33, 34, 35). Subsequently, just before the second contraction, 
the nuclear cavity is traversed by the thick spiremes, rather densely aggre¬ 
gated, more in the centre than in the periphery (PL III, Fig. 36). It is 
here only that we notice the gradual obscuring of the splitting of univalent 
spiremes, but, nevertheless, their presence can be recognized in some, especi¬ 
ally those which are situated at the periphery. Out of the rather intricate 
anastomoses of the spiremes, some are seen to be in close contact with each 
Other (PL III, Fig. 36)3 but the fine connecting strands which were described 
and figured in Osmunda by Miss Digby ( 5 ) are not found in this material. 
The univalent spiremes assume various.shapes in the 'form^ of S or U (PL'III, 
■''.'Figs. 3'i, ■32)'.or V:Or, iu: rings,:'or - in the form ■ of,two ■ coiled'''strings,: 'aS' they" 
'prepare '.for'^ combination, into',' bivalent ''chromosomes. The approximation 
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of two threads of univalent spiremes has a remarkable analogy with the 
conjunction of two univalent spiremes to form a bivalent chromosome. This 
statement will be more clear as we proceed to the later stages* 

Regarding the arrangement of the univalent lengths of spireme 
there is no hard and fast rule. The spiremes, when they are transversely 
segmented, show at the beginning an end-to-end arrangement (PL III, Figs, 
33 ? 34 ) 35) i on they may be joined side by side (PL III, Fig, 36), 

If we really grasp the meaning of the two terms-pai'asynaptic and telosy- 
naptic, which are in so constant use by American cytologists, the difference, 
as Prof. Farmer ( 6 ) has already shown, is not one of any fundamental 
importance, and we might say that the telosynaptic arrangement in the 
synaptic stage, the duration of which is unusually long in the heterotype 
mitoses, may become distinctly parasynaptic in late post-synaptic stage. 
In other words, at a late stage after the second contraction, when the two 
univalent spiremes become closely appressed to form a bivalent chromo¬ 
some, the arrangement is often ‘ parasynaptic ^ 


Thick Spireme and Second Contraction Stage. 

At the termination of the hollow spireme stage, and just before the advent 
of the second contraction, the filaments in the nuclear cavity thicken and be¬ 
come entangled in the centre; gradually, as the drawing in of the filaments 
from the periphery proceeds, the looping over towards the centre becomes 
more and more apparent (PL III, Fig. 37). Their attachment to the nucleolus 
shows that some of them are transversely segmented, and these segmented 
portions are proceeding to conjoin with each other (PL III, Fig. 37). These 
conjunctions are also evident, although rare, in the rather confused, thick, 
entangled mass in the centre, from which some of the portions of loops 
escape^ skotmng distinctly their parallel univalent nature (PL IV, Fig. 39, 
more especially towards the periphery. Then, after loosening of these thick 
filaments with their outstretched peripheral loops, the nuclear cavity is seen 
to be more or less invaded by the conjoining spiremes (PL IV, Figs. 40, 43, 
44). In some the two univalent filaments, with their fission still visible, 
run almost ■ parallel to each other (PL IV, Fig. 44), Others, after running 
parallel only for a short distance, become closely appressed to each other, 
showing bivalent character (PL IV, Fig- 44). Others.are conjoined in such 
a way as to, present the structure of a ring (PL IV, Fig. 43), whilst the con- 
- junction of others is somewhat irregular (PI. IV, Fig. 43). 'At any rate 
some indication, of conjunction, in .one form or another^ can ,be w^ell recog- 
,nized in these stages (Pis. III^ IV, Figs. 37, 38, 39, 40, 43, 44). '■ ■Gradually , 
these conjunctions ,are,.'shown in a pronounced way , by the more obvious 
Fending.','over,:of/the'''loops,,':vvh,ere the.; two arms : of''the' loopsbecome'',s,o 
', "closely appressed'^that■' their bivalent nature,'cannot/'be' denied (PL IV,,'Fig. 
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47 )» It is from this stage that the original fission of each univalent spire.me 
becomes extremely obscure and seems to be almost lost. But in the fila¬ 
ments which keep themselves aloof, so to say, from participating in the process 
of coalescence to form bivalents one cannot miss the presence of fission 
(PL IV, Figs. 39, 40), The two univalents are, however, closely appressed, 
and they seldom lose their line of union, which represents the line of future 
separation of the two elements of each bivalent (PL IV, Figs. 4%, 43, 44). 
The splitting of the bivalents might be said to bear a close analogy with the 
fission of univalents. The qualities with which we are confronted here are 
only in reality the result of close conjunction of two univalent spiremes, and 
not the result of renewed disjunction into two threads of the thick spireme, 
as Gregoire (12), Yamanouchi ( 18 ), &c., describe them in Osmunda. Several 
details in some of our figures (PL IV, Figs. 39, 40, 43, 44) are of such 
a nature as to give support to this interpretation. In the first place, Figs. 
39, 40,43, and 44 clearly reveal that the interlaced branches of the spiremes 
are nothing but the close approximation of two filaments. In the second 
place, Pi. IV, Figs. 41 to 47 show the bivalent chromosomes are the result 
of the looping and bending over considerably of the univalents. 

In short, the analogy of early and late heterotype stage remains identi¬ 
cal throughout this evolution—the same general aspect, the same interlace¬ 
ment of filaments. The doubleness of heterotype is identically the same as 
in somatic chromosomes, which is due to a longitudinal splitting. In the 
late heterotype prophase, or, more clearly, in the second contraction stage, 
the phenomena of conjunction of entire univalent chromosomes in pairs 
may be called a repetition of the process which one finds in early prophase, 
where the association of the threads in pairs to form univalent chromosomes 
takes place, 

PL III, Fig. 38 shows a nucleus where second contraction is not quite so 
accentuated and is apparently very quickly passed through, judging from 
working through of spore mother-cells. Some of the thick spiremes in the 
periphery (occupying the opposite extremity from the mass) show their 
original univalent structure, which is suggestive enough that they did not 
take any part in the process of conjunction (Pi, III, Fig. 38). Of course, in 
second contraction the process of conjunction of two univalent chromosomes 
takes place; but it does not necessarily follow that each one of the 
spiremes should take part in the above process. Isolated instances to sup¬ 
port this statement are not rare (PL III, Fig, 38), Although this process of 
pairing of univalent chromosomes is rather obscure in the knotty conglomera¬ 
tion of the second contraction stage, it is quite evident from the subsequent 
loosening of second contraction (PL IV, Fig, 39) that this process does happen. 
PL IV, Fig. 40 shows that ,some',of the bivalent,, segments-have come, ' out of ^ 
■second contraction, and give evidence, both of fission and conjunction:, The ,■ 
thick', spiremes, 'which .'consist of the’two- univalents and,',wFich'.take rather 
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deep stain, are segmented transversely, and show an end-to-end arrangement 
(PL' IV, Figs. 45, 46). The thick spiremes, which are the product of the 
conjunction in pairs of univalents as they come out after loosening of second 
contraction, are seen in the nuclear cavity in various forms. At first, the 
majority of them are seen in loops, emerging out of the entangled mass and 
showing their bivalent nature, although their constituent parts (i. e. the two 
univalents with their original fission) are not lost (PL IV, Figs. 45, cli. A, B, c). 
Some are arranged in the form of a cross (PL IV, Figs. 4^^, 46). Others, 
although rare, may assume the form of' a ring, where the constituent parts 
(Le. the two univalents with original split) are entirely lost (Fig. 45, ch. D). 
Farmer and Moore (8) describe this ring-shaped structure as due to the 
approximation and fusion of extremities previously free from one another. 
Others may be arranged like two coiling springs while retaining their 
univalent character (PL IV, Fig. 46, ch. A). Some others, which are more 
or less situated near the periphery, are semilunar in appearance (PL IV, 
Fig. 46), while still others are quite straight and rod-like in structure (PL IV, 
Fig. 45). All these show, more or less, their univalent combination, or, in 
other words, they show still more definite bivalent chromosomes, many of 
them demonstrating fission in their tmivalents^ somewhat concentrated. 
But on proceeding to later stages one finds that these bivalents are so 
closely appressed to each other that their univalent combination is almost 
lost, the splitting becomes more and more obscure (PL IV, Figs. 4a, 49). In 
Fig. 42, ch. A represents a bivalent ribbon-like chromosome, with one end 
flattened, and a rather prominent splitting bears a close analogy with a 
somatic chromosome. The univalent nature, in some of them, can still be 
traced out, although with difficulty, from a rather indistinct arrangement of 
beads. Gradually, with their progressive evolution, the splitting is entirely 
closed up for some time, where the segments appear to be very thick and 
take deep stain (Pis, IV, V, Figs. 49, 50). Each side of the longitudinal 
splitting represents a univalent chromosome. The question whether this 
split is entirely closed up for some time and then reappears, or whether 
after complete conjunction (of univalents) the bivalents as they come out of 
a second contraction undergo a longitudinal splitting, appears to be involved 
in obscurity. At any rate, these splits become reduced and condensation is 
so great that the bivalent chromosomes look like large black masses if \. V, 
Fig. 50).. 'Before , diakinesis these very large bivalent chromosomes, which' 
stain deeply, become much contracted, and are scattered all over', the nuclear 
cavity (Pis. IV, V, Figs.. 49, 50)- 

Diakinesis. 

, The. .familiar;:, figure in'diakinesis 'is characterized'by thick,'densely', 
'Stain'ed,'rod-like 'segments"', of "bivalent- chromosomes, "''arranged '.:i'ii pa.'i,rs-‘';.(Pls'.'. 
;I'V,.''V,'Figs.,,.,''49,,^5Q)''.,.thr'O'ugh0Ut:'the 'nucleus. , It does not .necessarily, follow 

.0 



i8 Sarbadhikari. — Cytology of Osimmda mid Doodia. /« 

that all of them should be in pairs; for it is quite possible at this stage that 
each of the monovalent chromosomes of many of the bivalent groups can be 
almost or completely separated from each other. We have already noted 
that the bivalent chromosomes assume various forms. Some are arranged 
in the form of crosses (PL V, Fig. 50), while others present the appearance of 
rings (iPL IV, Fig. 49) 5 Y-shaped, V-shaped, and W-shaped forms are also 
familiar (Pis. IV, V, Figs. 49, 50), and simple, small, rod-like structures can 
also be observed (Pis. IV, V, Figs. 48, 49, 50). Gradually, as the mono¬ 
valent constituents of each bivalent chromosome become detached from each 
other, they appear to be thickened and lose their individual characteristic 
shape. They become condensed and thickened and take dense stain, with 
the result that their individuality can hardly be detected. Although some 
of the bivalents separate into two moiiovalents, yet immediately after this 
they appear to unite again, at the time of the formation of the spindle fibres 

{PL V,Fig. 51). 

Metaphase. 

At the completion of the spindle formation the chromosomes are 
seen to be aggregated on the equatorial plate in a more or less definite 
order (PI. V, Fig. 51). The chromosomes at this stage seem to be more 
or less oval-shaped; in some the extremity of one side is very much 
pointed (PI. V, Fig. 51). Some are of rod shape, and subsequently 
divide transversely across the middle. The longitudinal splitting appeal's 
so obscure at this particular stage in our material, that the point of 
union looks like a homogeneous mass (PL V^ Fig. 51). Certainty in later 
stages their presence can be recognized, where the cleavage becomes more 
and more apparent, and subsequently the univalent component of each 
bivalent combination becomes separated from the other. It is from here 
that the process of disjunction begins, and the dissociation of the paired 
approximated halves is finally completed in a later stages. 

Anaphase. 

During anaphase the chromosomes, at first, seem to be extremel}^ 
condensed, and crowded in such a way that the individual members are 
extremely difficult to distinguish. Gradually, from the condensed mass, 
fragments come out which soon become alveolized (PI. V, Fig. 53). During 
the* process of alveolization of chromosomes a cell-plate is formed in the 
spindle and the chromosomes are seen to be in more advanced stage. 

Telophase. 

The longitudinal splitting of each daughter chromosome becomes more 
and more accentuated, and finally gives rise to the vacuolated appearance 
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{PL V, Figs. 54,55). This phenomenon is identical with and bears a striking 
resemblance to the late telophase of a somatic chromosome. The same 
threads^ which ■ are the product of fragmentation of the alveolized bands 
of daughter chromosomes, run parallel to each other (PL V, Figs. 54, 
55). The same beaded nature, either arranged in single or in double lines, 
is also evident in heterotype telophase. The splitting of the daughter 
chromosomes into longitudinal halves, which will be reassociated in the 
succeeding prophase, has a remarkable affinity with the splitting and 
alveolization of somatic telophase. 

Homotype Mitosis. '' 

The events of the homotype mitosis are so difficult to follow in detail 
that at present it will not be possible for us to attempt a discussion of this 
divisipn. The majority of the chromosomes become so much thickened 
and aggregated that their real form is difficult to identify. The swellings 
of chromosomes are such as to make it impossible to trace out their 
separate individual structures. Subsequently, as they pass to telophasic 
events, the structure of chromosomes, which is obscured by much beading 
and alveolization, presents a remarkable affinity to heterotype and somatic 
telophase. Each nucleus of the tetrad is seen to be uniformly distributed 
by the same alveolized bands, just in the same way as in somatic and first 
meiotic division (PL V, Fig. 56). The alveolized bands subsequently break 
up and the longitudinal halves of beaded structure resemble those of somatic 
and heterotypic telophase. The persistence of longitudinal fission is 
suggestive enough from the presence of double arrangement of chromatin 
granules which can be observed at intervals (PL V, Fig. 56). 

General Conclusions. 

It has already been mentioned that at present the object of this account, 

' oiDo.odia IS to attempt to follow out some of the broad mitotic phenomena, 
and'" to suggest a possible explanation of the. observed, sequence of events, 
with special reference to this particular plant.' Generalization and undue 
reliance on a single type, however promising it may, be for investigation, is 
indeed the,, origin'of many misconceptions in this particular branch of study# 
Such being'the 'Case, any conclusions arrived at must be considered, in the 
first place'as ,'only;holding good for-the, particular'species investigated. 

Those who have worked on these problems are in a position to realize the 
special difficulties that one has to encounter in dealing with'any one particular 
type.,' , In ' this : case,; the ' difficulty'; is ,due to the' extreme'' rapidity ' '.with 
which'ce'rt'ain',phas'esnf','nuclear division are passed through.,''' Attempts,have 
been mad'e „tO"show in 'PI. V, Fig. 57_how difficult, it' is to interpret the''','Chromo» 
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somic evolution just because of this rapid progress. PL V, Fig. 57 shows 
three adjacent sporangia where three widely divergent stages are visible. 
In the figure sporangium A shows most of the nuclei in synapsis, while 
sporangium B shows them in second contraction stage. In sporangium C 
one can see late telophase of heterotype division where the chromosomes 
are much alveolized. In some sporangia, nuclei with different stages were 
found. In cases like these one is easily liable to misinterpret the true 
sequence of chromosomic evolution. 

As a result of a prolonged study of this particular fern, extending over 
a period of several years, we may be permitted to say that every precaution 
has been taken in our attempt to prevent overlooking the important phases 
throughout the chromosomic evolution, with special reference to synaptic 
and second contraction stages. 

Before arriving at a definite conclusion, after correlating some of our 
facts with those of other workers in this line, we think it desirable to give 
a brief review of the preceding details emerging from this investigation. 
However conflicting the opinions may be with regard to the origin of chro¬ 
matin threads, it is quite evident from the later stages in this specimen that 
their double nature bears a striking similarity with the split somatic chromo¬ 
somes. From the very nature of this double thread, more especially as 
they are strikingly homologous with the somatic prophases, one cannot 
help coming to the conclusion that the paired threads entering into synaptic 
process are the sister halves of a single somatic chromosome, and not 
a lateral pairing of two entirely different somatic chromosomes. From 
the synaptic contraction a somewhat thick, continuous spireme emerges, 
which shows also the characteristic double nature. The double univalent 
spiremes, which are more or less of beaded nature, show their fission very 
conspicuously when the synaptic knot becomes loosened, and these double 
spiremes become well distributed in the nuclear cavity, forming what is known 
as the ^ hollow spireme stage L Gradually, as these ^ hollow spiremes ^ proceed 
to second contraction stage, they show a tendency to throw themselves into 
loops. The fission becomes more plainly visible as this process of ^ looping 
over ^ proceeds, but at no time is it impossible to detect its presence. 

Gradually the two branches of the loops become more and more 
accentiiated. These branches of union signify clearly, from their close 
approximation with each other, the future bivalent chromosomes. After 
the completion of this process of approximation of two univalents to form 
bivalents,"the'Spireme is' segmented' into parts.;, They show an end-to-end 
arrangement, but it is difficult at first to say whether the bivalents are open 
at both ends or at one end only. But at slightly later stages definite cases 
have been found tO'':be;'''Dpen. ■;: ''We'ffiave aeen,inour definite cases 

where each arm of a bivalent chromosome shows distinctly its double nature^ 
which is the result of the approximation of two halves of univalent chromo- 
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somes» This is clearly seen in the figures, where some of the bivalents show 
distinctly their tetrad arrangement. 

The phenomenon of chromosomic evolution becomes more clear as they 
come out from second contraction stage and enter into diakinesis. The 
bivalents are separated into their component univalents as usual* After 
separation of the daughter chromosomes, they undergo a change which 
recalls the appearance of longitudinal fission. Subsequent late telophase 
shows them to be much alveolized, but nevertheless they lose their Indi¬ 
vid iiaiity. 

In the foregoing paragraphs attempts have been made to outline briefly 
the sequence of events in Doodia ; an attempt will be made later to correlate 
our observations with those of other workers in this particular line, 
although with different materials. We are tempted to do this because of 
the remarkable affinity of chromosomic evolution between these two plants, 
namely Osmnnda and Doodia, Although in substantial agreement, with 
the exception of a few minor details, with Miss Digby’s ( 5 ) conclusion 
drawn from her observations in Osmnnda^ we have been driven after much 
hesitation to the definite view that the evidence afforded by this material 
is far from being in conformity with the several interpretations of Gregoire ( 12 ) 
and Yamanouchi ( 18 ). We' agree with Gregoire ( 12 ), Yamanouchi ( 18 ), 
and Allen (1) that the two halves of the spireme gradually associate in pairs 
before synapsis, and that the process is completed during synapsis, but we 
disagree with their interpretation that these two pairs represent two entire 
somatic chromosomes. Gregoire (12) lays special stress on the point that 
between the associated filaments at no moment was there produced any sort 
of fission; according to him, these filaments remain in each pair perfectly 
distinct one from another, through the whole stage of thick spireme: they 
are only more or less closely coming together, but they preserve themselves 
as independent from each other as the two fingers of the clasped hand, one 
around the other. 

This interpretation does not apply in our case, where there is not 
a single chromosome in which this phenomenon can be observed. On the 
other hand, we should like to suggest that the graded swellings on the 
'filaments become more and more accentuated as they advance in later: 
stages, and certainly there are stages where the paired threads become 
so much appressed to each ■ other that their individuality seems., to be 
almost lost. 

Miss Digby ( 5 ) figured and described the thick spireme stage oi Os- 
mtmda^ in which one can observe in the filaments ‘ complete coalescence 
of the approximated threads Her. Fig,. 59 {Osmimdd) shows a rather, late 
stage where the chromosomes seem to be quite thick and homogeneous, as 
the'result; of .complete .coalescence. ' We have not been'': able: in ^Doo'diaeto^ 
come.across'asingle.case where one can observe this ‘complete coalescence 
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of the approximated threads h As the result of an examination of a long 
series of serial sections, we are in a position to say that always there may 
be some traces by which one can distinguish the two separate threads» We 
have sufficient grounds of evidence, from our material to strengthen 
this consideration. We can hardly, therefore, follow Gregoire (12) in com¬ 
paring the individual chromosomes to the two fingers of clasped hands, and 
still less can we, with Miss Digby, admit ‘ complete coalescence'. 

The next objection to Gregoire s ( 12 ) and Yamanouchi's ( 18 ) interpreta¬ 
tion is on the ground that it is rather difficult to follow the series of events 
given by them, because of the extremely meagre mention of second con¬ 
traction. We have been graduall}^ forced to the conclusion that the whole 
interpretation of maturation division depends on full attention being given 
to this phase. We have endeavoured to show from this material the 
importance of this stage, as tending to establish our point of view regarding 
the origin and nature of the bivalent chromosomes. 

After a careful consideration of the whole series of events, we have to 
determine what particular interpretation is best applicable in our material 
The nature of the doubleness of the spireme, with its remarkable resemblance 
to the structures evident in a somatic mitosis, appears to support the inter¬ 
pretation here advocated. That is to say, that as the doubleness found in 
the early heterotype prophases has a similar appearance and the same origin 
as found in the somatic prophases, it seems rather inconsistent to hold the 
view that in the heterotype prophases each parallel side is equivalent to 
a length of a whole somatic chromosome, and that in the somatic chro¬ 
mosome each side is equivalent only to a length of half a somatic chromo¬ 
some. If it is true that each side of the split of a somatic chromosome 
represents only a half length, then it is also true in every respect with 
regard to the heterotype chromosome. 

So the real point is that if the synaptic union is equivalent to the 
somatic chromosome, what room is there for the second contraction union ? 
If the latter is a fact, Gregoire s interpretation falls to the ground. 

On the whole, we find a confirmation of our conclusion-—especially 
with reference to chromosomic evolution of which is in substantial 

agreement with:; the conclusions- of Miss Digby ( 3 , 5 , fi), Farmer and 
Moore (8), Farmer and Shove ( 9 ), Beer (2), Nothnagd ( 14 ), Gates (11). 
We have ■observed on our preparations appearances which are very similar 
to theirs, and almost directly opposed to those of Gregoire (12), Yama- 
nouchi' ( 18 ), and'Others;, 
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Summary, 

1. Whatever might be the origin of chromatin threads in mitotic 
divisionj it is quite evident from the later stages that their double nature 
bears a striking resemblance to somatic chromosomes. 

2. If it is true that each side of the split of a somatic chromosome 
represents only a half length, then it is also true, in every respect, with 
regard to the heterotype chromosome. 

3. The univalent chromosomes are the result of close approximation 
of two similar threads, which gradually become concentrated. Throughout 
the whole evolution they never preserve themselves as independent from 
each other as the two fingers of the clasped hand, one around the other. 

4. The two threads of a univalent chromosome concentrate to a great 
extent, but nevertheless lose their identity. 

5. Bivalent chromosomes are the results of close conjunction of two 
univalents which, after condensation, become twisted and bend over to 
form loops. 

6. Some of the bivalent segments show fission and conjunction. 

In conclusion, I take the opportunity of expressing my deep sense of 
gratitude to Prof. J. B. Farmer, F.R.S., for his invaluable assistance and 
advice, helpful suggestions and criticisms, and his kindness in affording me 
facilities in various ways throughout the investigation. I am very grateful, 
also, to Miss L. Digby, for so kindly placing her exceedingly beautiful 
preparations at my disposal and also for the helpful interest she has taken. 
To Prof. R. J- Tabor I am also indebted for many useful suggestions. 

The Botanical Laboeatoey, 

Imperial College of Science and Technology, 

London. 
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EXPLANATION OF PLATES I-IV. 

Illustrating Dr. Sarbadhikari’s paper on the Cytology of Osmtmdia and Doodia* 

All figures were drawn with the aid of an Abbe camera lucida with Leitz i7i2<2 immersion and 
ocular iS, except Figs. 1-14 inclusive and Figs. 53, 54, and 55, which were drawn with Leitz 
immersion and ocular 8. Magnification of Figs. 1-14 inclusive and Figs. 53, 54, and 55 xTo88, 
all others x 2450. Particular care was taken to represent the chromosomes accurately. 
Figs. 1-14 inclusive are from the somatic divisions of root; the rest are from the sporangiferous 
apex of fronds. 

PLATE I. 

Fig. 3. Late telophase. Nucleus, showing the vacuolization of chromosomes. The central 
portion is seen to be dissolving, leaving the sides as parallel threads with somewhat beaded appear¬ 
ance. There is distinctly a clear space round the nucleus. 

Fig. 3. Resting stage. One or more nucleoli may be aggregated in such a way as to present the 
form of an hour-glass which takes very deep stain. 

Fig. 5. A rather early stage of the so-called resting nucleus, where it is provided with delicate 
network upon which are distributed small chromatin granules. 

Fig. 4. Interphase. Note the almost diagrammatic regularity of the parallel aspect of network 
AVhich is composed of linin reticulum in which are embedded chromatin grains. 

Fig. 5. Prophase. After condensation of reticulate unit, a sort of zigzag threads may be 
formed which, 

Fig. 6, soon begin to straighten out^ giving rise to definite chromosomes with longitudinal 
■splitting.;, ■ '■, 

Fig. 7. hletaphase. The double nature of chrornosomes is remarkably prominent. Those 
situated in the centre of the equatorial plate are, more or less, a little curved. 

Fig. 8. Later metaphase. Note the different degrees of fission. 

,■ Metaphasew,',. ■'..■■Some- of^the -chromosomes are in. pairs,and appear tO' cross- over 

each other. 
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Fig, 12. i\22apha£e» The separated halves of the dacghter chromosomes are on their way to the 
poles. 

h'ig. 13* Later anaphase. The chromosomes approximate closely to form a confnsecl and 
more or less homogeneous mass. 

Fig. 14, Very late anaphase in which the chromosomes are fused into masses in the middle of 
which vacuoles are formed. A cell-plate is formed in the middle of the two nuclei. 

Fig. 15. Very early prophase ofmeiotic mitosis. The chromatin is cliffiisecl throughout thelinin 
and staining is comparatively fainter. 

PLATE II. 

Fig. 16. Slightly later stage. The beaded linin reticulum, which seems more or less of coarse 
nature, is distributed rather uniformly throughout the nuclear cavity. 

Fig. 17. The same in more advanced stage, showing the parallel arrangement of the linin 
as strands of beads. Some of the granules are seen to be arranged in groups of four. 

Fig. iS. The linin is gradually becoming concentrated and appears to withdraw a little from 
the centre to the framework, leaving a more or less clear space in the centre of the nucleus. 

Fig. 19. Further concentrations. The linin strands tend to run parallel to one another. 

Fig. 20. In more advanced stages, where the linin fragments assume more definitely their usual 
spireme character. 

Fig. 21. In still more advanced stages, where long lengths may be seen running parallel to one 
another. This stage is just before first contraction, when the nuclear contents are just beginning to 
withdraw from the periphery. 

Fig. 22. First contraction. The nuclear contents are withdrawing from the periphery and 
aggregating in the centre irregularly. Fission is almost lost, although traces may be visible here 
and there. 

Fig. 23. Slightly later stage of synapsis; almost all the parts of the nuclear cavity are drawn into 
the structure of a knot; this is balled up together and entangled at one direction of the nucleus. The 
association of the threads can be better seen at the free ends. 

Fig. 24. The same stage. The spireme is emerging from synapsis in the form of loops. iNote 
the beaded nature. 

Fig. 25, The beaded nature of the spireme shouts up very cleari}^ Some of the outer bends of 
the loops of spiremes are seen to run parallel in parts in such a way tha.t they suggest nothing but 
close approximation of the two threads of the same filament. 

Fig- 26. Almost the same stage as in Fig. 24, but fixed in Flemming’s wealc solution; the 
spiremes are seen to be of more or less homogeneous nature. 

Fig. 27. The same as in Fig. 26. Note that the less intricate anastomosed threads are thrown 
into loops. 

PLATE III. 

Fig. 2S. The loosening of the synaptic knot. Note the difference in thickness of the filaments 
as well as the distinct splittings at intervals in the broad ribbons,, more especially at the extremity. 
The association of threads is now almost complete. 

Fig, 29. Early hollow spirenie, in which the spiremes, with some of them in loops, are invading 
the nuclear cavity' irregularly. 

Fig. 30. Slightly later stage, where every portion of the spireme distinctly shows fission. The 
fission is not through and through, but closed up at regular intervals. 

Fig. 31. A rather advanced phase of hollow spireme, where some of the univalent spiremes, with 
more pronounced fission, show a tendency to fall over in loopSi Some of the filaments, especially 
those marked <2, show clearly that the fission goes right along from one end to the other— 
a striking similarity with the fission of somatic chromosomes (cf. Fig. 7). The sides of the loops, 
with fission attached to the nucleolus, are seen to run parallel with each other. 

, Fig. '32.' Gradually, in a little advanced; stage,-these' univalent spiremeS' are."seen to-'-riin very 
.'-closely'parallel, and'tbe'S'pace-hetween.them becomes less and less. , 

,33, 34, The ,'same in ,slightly later stage;;,"twisting and"looping'over and conjunction 
,,of univalents are seen,;, their sides-seem, to, be more thickened and" condensed. ' ■ 
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35 * Sometimes just the reverse phenomenon occurs, where the spiremes^ after running 
parallel for a considerable portion in the nuclear cavity, suddenly take a twist and turn in opposite 
directions. 

Fig. 36. Nucleus Just before second contraction, where the cavity contains thick spirenieSj 
rather densely aggregated, more in the centre than in the periphery. Note also the gradual obscuring 
of fission. 

Fig, 37, Going into second contraction. The attachment of the filaments to the nucleolus 
shows the vestiges of fission, and these (namely, the univalents with fission) are proceeding to conjoin 
with each other by forming loops. 

Fig. 3S. A nucleus in which second contraction is not quite so accentuated. 


PLATE IV. 

Fig. 39. Loosening of second contraction. 

Fig, 40, vSome of the bivalent segments have come out of second contraction and show fission 
and c 07 tjtmciion. 

Fig. 41. A section of nucleus coming out of second contraction, showing bivalent segments. 
They are not yet fully individualized. 

Fig. 42. Slightly later stage in which the bivalent segments are more definite. 

(NB.—Figs. 39, 40, 413 and 42 are all from the same sporangium.) 

Fig. 45. Shows a nucleus w’here the bivalent segments are mostly individualized and begin to 
show some of the typical heterotype shapes. 

Fig. 44. Showing still more definite bivalent chromosomes. Note the different degrees of com¬ 
bination into bivalents. 

Figs. 45, 46. Almost the same stage as in Fig. 44. Many ofthe bivalent chromosomes demon¬ 
strating fission in their univalents, somewhat concentrated. Note the different forms assumed by the 
bivalents. In chromosome A of Fig. 46 note also the vestiges of fission of univalents of each 
bivalent combination. 

Fig. 47, Slightly later stage in which the fission is less visible. 

Fig. 48. Early diakinesis, showing the commencement of spindle or striation of cytoplasm. 
Note the bivalent pairs, which are such familiar figures in diakinesis. Most of them are in the form of 
an X. 

Fhg. 48. Late diakinesis ; fully developed, somewhat concentrated chromosomes. Some, show¬ 
ing fission, are scattered towards the nuclear periphery. 


PLATE V. 


Fig. 50. Still more concentrated chromosomes, in which fission is almost obliterated, preparing 
to go on to the spindle. The bivalent chromosomes have concentrated and condensed to such 
an extent that they look like monstrous massive patches. ' . , 

Fig. 51. ''i'he equatorial plate stage of the first meiotic division. 

Fig. 52. Anaphase. The chromosomes are at first condensed and crowded in such a way that 
they look like so many deeply stained groups of patches. 

53 * Gradually from the condensed mass fragments come out which soon become 
alveolized. 


Figs. 54, 55. The longitudinal splitting of each daughter chromosome becomes more and more 
separated, and finally gives rise to the vacuolated appearance which is so familiar in somatic 
chromosomes. . ■ 

Fig. 56. Telophase of second meiotic mitoses, showing three daughter nuclei. The struc¬ 
ture of the chromosomes which is lost ,,by beading and alveolization presents a remarkable affinity 
to heterotype and somatic telophase.. 
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On the Life-history of Harveyella pachyderma 
and H. mirabilis. 

BY 

H. H. STURCH. 

With twenty-two Figures in the Text, 

T he genus Harveyella Includes at the present time two species, both 
common on the southern coasts of England and Ireland* One of 
these, H. mtradilis, parasitic on Rhodomela snbfusca^ was 
described in this Journal, March 1899 ; the H. pachy- 

derma, parasitic on Gracilaria co 7 tfervoides, is the subject 
of the present paper, which has been delayed by my having 
been stationed out of England for twenty-one years. 

Harveyella pachyderma was found parasitic on Graci¬ 
laria confervoidcs at Stoke’s Bay, Gosport, in 1896, and 
identified by Mr. E. M. Holmes as Choreocolax pachyderma 
(Reinsch) ( 1 ). Cystocarpic specimens proved it to be 
a Harveyella, and it was placed in that genus as H. pachy¬ 
derma (Holmes and Batters). In the paper on H. mirabilis 
(4) the genus was removed from the Gelidiaceae, in which 
it had been placed by Schmitz ( 2 ), and transferred to the 
Gigartinales, while Oltmanns in 1905 (8) placed it at the 
beginning of that group. The more recent examination of 
the two species found near Cork Harbour and at Ply mouth 
has confirmed the results of my previous paper ( 4 ), and 
shown that the apparently closely<4iied species H, pachy¬ 
derma . differs considerably in the development of the 
cystocarp. H, mirabiiis ^nd H. pachyderma are very similar 
in appearance when fresh, appearing as small white cushions, 
hemispherical or slightly flattened, and attached to their 
■hosts, by "a very short'thick stalk. ■, Each plant, external to 
th gji iQst. IS, when fully grown, about the same'size as , the . 'mature: cysto.caip 
of Gracilaria confervoides (Fig.'i)." ' ' 

tAnnals of BotaBja VoL XXXVni. No. CXLIX. jraniiary,'1924.1 
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Both plants are true parasites without colour of their own^ and both 
often appear coloured by the many minute hlaiiientous Florideae which 
grow in and on the thick gelatinous coat enclosing the Harveyella. The 
differences in the vegetative structure of the two species are so slight that 
I shall deal with them both together, then fully with the development of 
the cystocarp of H, pachydemia^ and finally point out the differences in the 
development of H. mirabilis. 

Each plant consists of two parts—• 

1. Branched filaments growing among the cells of the host, and ab¬ 
sorbing food material from this host. 

{d) In H. mirabilis these parasitic filaments are copiously branched 
into (in section) fan-shaped masses, sometimes as large as the whole ex¬ 
ternal cushion. These filaments frequently make their way into the 
interior of the cells of the host. 

{b) In H,pachyderma the parasitic filaments are long, less branched, 
and follow only the middle lamella region between the cells of the host. 
They are joined by secondary connexions with the contents of the inner 
peripheral cells of the Gracilaria^ and occasionally with those of the 
central cells also. 

2. These parasitic filaments give rise, outside the host plant, to the 
external cushions, each of which, when mature, consists of a small-celled 
peripheral layer four to five cells deep, passing over into the central mass 
of branched filaments of larger cells. The average diameters of the outer 
cells of the periphei'al layer are from 4}jl to 6 p,, increasing in the inner 
layer to lo /x to 3 o /x. The ceils of the central filaments vary in diameter 
from 30 /X to 70 fx. 

(a) In If. mtrabtlis these central cells are more regularly arranged 
and the intercellular matter is not relatively thick. 

{b) In H. pachyderma this intercellular matter is much thicker, and 
the filaments are more irregular. 

The outer gelatinous coat surrounding the external cushion in H. mira- 
dihs comparatively thin and shows no lamination when stained^ but in 
; fl. pachyderma It is as thick as the whole peripheral layer, and with methy¬ 
lene blue shows a distinctly laminate structure in its outer third ] the inner 
;; portion, although continuousi with the intercellular matter of the central 
; part of the cushion, does not resemble it in staining readily with central 
lamella''stains,, ■ ' ■ 

LifE-HISTORY OF JT: PACffyDERMA. 

It is abundant from November to March on 'Gracilaria confervoides' 
growing immediately below low-water mark, but disappears from June to 
October, although the host plant is still abundant in the same region. 
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Plants bearing-' antlieridia, procarps, or cystocarps occur from November 
to February, tetrasporic specimens from January to March. Less than 
I per cent, from November to the middle of January bear tetraspores, 
while about 10 per cent, of the plants occurring in March bear sexual 
organs. Undoubtedly the carpospores set free in late November and 
December give rise to the tetrasporic plants of the later winter months. 
Crowds of tetraspores are set free in February, but no young plants appear 
before, at the earliest, October. I have collected and sectioned u large 
number of Gracilaria growing in the summer at places where Harveyella 
is common in the winter months, but found no sign of the parasite developing 
whhiii its host. A few stray specimens found on the beach after heavy 
storms led me to suspect that the summer increase of temperature com¬ 
pelled Harveyella to grow in deeper water. Recently, by the kind permis¬ 
sion of Dr. E. J. Alien, F.R.S., I have been able to examine the dredgings 
at the Plymouth Marine Biological Station, and have found a small but 
constant number of H. pachyderma on Gracilaria coufervoides dredged 
from depths of eight fathoms or more, throughout the whole year. The 
results of those cast op on the beach after storms in the summer, and of my 
owm attempts at dredging near Cork, together with the results at Plymouth, 
give the following monthly averages from deeper water only: 


January . . . . 

February . . . . 
March and April 
May and June . . 

July 

August .... 
September . . . 

October , , . . 

November . . . 

December. , . . 


A nilieridial. 

Cystocarpic. 

Tetrasporic 

i 

15 

3 

0 

I 

10 

. 2 

I 


6 

8 

0 

3 

9 

I 

I 

I 

8 

0 

2 

9 

5 

12 

0 

6 

13 

0 

4 

16 

0 


These numbers agree with the theory that H. pachyderma develops in !■' 
the deeper water during the whole year at much the same speed as in the:"; 
surface water in the winter months, and that its aniiiiai life-history is as'; 
follows : 

November to January. Numerous antheridial and cystocarpic plants in': 

■ :■ shallow water, and a smaller number of the same in deeper water. * 
February to .April. .Equally numerous tetrasporic plants in .shallow' 
water and a smaller number in deeper water. ‘ 

May to. July. , Antheridiah and. cystocarpic plants in deeper w’ater only. 

: August to September* , Tetrasporic plants, in deeper water only. ' 

October. . The' tetrasporic plants die, out. during October,' giving' rise- 
tO'the, antheridial: and cystocarpic plants in both" shallorv' and deeper' 

, water. 
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In the above table the term cystocarpic includes also young plants 
bearing procarps. 

Although Gracilaria is a smooth plant of firm texture, and not' 

' copiously branched, crevices are left in the surface by the emergence of" 

■: carpospores or tetraspores, which would easily allow the entrance of the 
spores of Harveyella. When Gracilaria plants infected with H. pachyderma 
■' are found in the small pools left at low water, I have seen as many as three 
hundred, all tetrasporic, on a single host plant whose total branches 
measured less than forty inches, and sectioning showed that one hundred 
and eight at least had each arisen from a separate spore., These must have 
been the result of the setting free of a cloud of carpospores at low water 
in this small pool. Set free at higher water when the pool was only part of 
the moving tide the spores would be scattered, and would develop, as 
is most frequently the case, into one or two //. pachyderma on each 
Gracilaria, 

The earliest stage of H, pachyderma yet found is shown in Fig. 

This is one of a series of sections which included the whole parasite, and is 
the most central of them. The spore from which it arose has evidently 
penetrated some two or three cells deep into the host before developing, 
but the aperture by which it entered could not be traced. 

The parasitic filaments grow rapidly along the middle lamella in the 
host’s cell-walls, and soon the growing cells push through the periphery to 
form a minute white cushion on the exterior (Fig. 3). 

All the filaments, internal and external, grow in the same way, the 
distal cell of each filament dividing by a more or less transverse wall, the 
lower half increasing in size, the upper elongating and dividing again. 
Or the distal cell may divide by a curved oblique wall, producing a sub- 
; dichotomous branching. 

The thick gelatinous outer coat of H. pachyderma is rather impervious 
to liquids; a Gracilaria exposed to the sun until withered still bears the 
, cushions of HarveyeUa plump and moist. If a frond of Gracilaria bearing 
' a HarveyeUa be plunged into,a suitable watery or alcoholic stain, and 
sectioned, the Gracilaria cells and cell-walls will be most stained ; tod 
. the wiU absorbed the stain through the host, its own 

peripheral region staining last. Attempts to impregnate HarveyeUa 
!- paraffin, however carefully carried out, nearly always result in sections 
I which are unrecognizable as HarveyeUa, The outer portion of this gela¬ 
tinous coat of the HarveyeUa is continuous with, and has similar staining 
reactions to, the outer coat of the host plant. As this latter is not ruptured . 
An any wayyby 'the emergence and subsequent giowth oitthQ .HarveyeUa^/" 
apparently'its,'substance''isadded 'to by .the parasite. '.''While ■ 
still very young the : antheridi'alv'.eystocarp.ic, ; and 'tetrasporic plantsV'are,,;' 
indistinguishable', but as ' soon, '■■..as'a- distinct peripherallayer 'becomes' ' 
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V isible the development of antheridia, procarps, or tetrasporaiigia com¬ 
mences. 

The procarp is cut off from a distal peripheral ceil in the ordinary 
way, the new cell elongating* at its apex (Fig. 4, a). Any peripheral fila- 
ment may give rise to procarps, which are soon developed along'the entire 
surface of the external cushion. The cell beneath the procarp, from which 
the latter was cut off, continues its functions as a peripheral cell, while 
Ihe prodarp grows downward at its base on the side and cuts off one 
small cell; no more ceils appear, and the carpogonial branch in H.facky- 
derma is thus two-celled. During the examination of a very large number 
of procarp-bearing specimens of this plant (and the average number of 



2, Yoimg H,pachyde 7 ‘r,ia heioxt Fig. 3. H, pachyderma^ somewhat 

emergence from host. Zeiss 4 mm., oc, older. celis shaded. Zeiss. 

8. Hm'vcyeila cells are shaded. 4 mm., oc. 4. 


healthy procarps on one plant is about 2,100), I have seen two four-celled 
and five three-celled carpogonial branches: thus it is possible that before 
reduction due to its parasitic habit the carpogonial branch may, as in 
H. mirabilis, have also been normally four-celled. 

As the external cushion grows and the procarps are buried more deeply 
in the periphery, other procarps are developed on the younger peripheral 
cells until thei'e are several on the same filament (Fig. 4). 

The older unfertilized procarps usually degenerate and disappear, the,; 
process beginning at the trichogyne, but occasionally the procarp itseh'i 
persists after the disappearance of its trichogyne, and apparently resume^; 
its place as an ordinary thallus celh The great majority of the. procarp;" 
produced' reach the surface of the plant and project into' the wate; 
(Fig.'4); a few fail to penetrate the outer part of the external coatj'thesi 
bending' at right angles, and still growing in length for a short 'distance 
'and some' twisted 'oreven branched specimens are occasionally foutic' 

■ The .part;'of the'trichogyne' projecting, into the" water is slightly; swoller- 
'and'"Surrounde'd';,'by' mucilaginous 1 'have, not 'seen' an.'undo'ubte* 

case'';Of the"' .'attachment of . a spermatium, possibly ''Owing, to- the .delicac;^ 
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of the projecting'tiichogyne ends, which are easil'y broken off in section¬ 
ing, but io H. mirabilis, where these organs are stouter, I have frequently 
seen them with spermatia attached. The average dimensions of the mature 
procarp with its accessory trichogyne in H,pachyderma are as follows; 
Total length, no /i. 

Breadth near surface of plant, 5 fx. 

Length of projection into water, 12 \u ‘ 

Before any development of the carposporophyte takes place there is 




Fig. 5. Et. pachydcrma. 4mm., oc, S. 
fit,, auxiliary cell; basal cell; r., car- 
pogonium; f?., ooblastema. 


I considerable formation of secondary pit connexions in the inner layer of 
oeripherar cells, and in those of the central thallus immediately beneath. 
'A similar ,process "takes' 'place in many other Florideae, and the behaviour 
)f the nuclei and the formation of the connexions does not in this case 
liffer from the method described by Oltmanhs ( 3 ). As has been pointed 
»ut by Church ( 5 ), these connexions are made possible by the softness of 
he ‘matter separating the cells; and they enable the food material to be 
apidly concentrated where required for the production of masses of spores. 
I similar process takes,'place in It* pachyderma^ hQfore'''th^ormation\'^^ 
2trasporangia, and to a smaller extent before the development of the 
htheridia. 
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Owing to the development of these secondary pit connexions, and the 
movements of the daughter nuclei in connexion with them, ail the cells of 
the central part of the thallus become coenocytic, as also do some of the 
older cells of the parasitic filaments. 

' The majority of the procarps develop no further, but one or more of 
‘ them become fertilized (as far as can be ascertained when the actual passage 
^ ;of the male nucleus has not been seen). The zygote then sends out a short 
^primary ooblastema, sometimes two-celled (Fig. 5). At about the same 
time, the auxiliary mother-cell, which is one of the lower cells of a very 
near, if not the nearest, peripheral chain, divides by a transverse wall into 



Fig. 6 . Fusion of ooblastema with auxiliary 
cell. auxiliary cell; basal cell; f.,car- 
pogonium. 



basal cell; eL, elongating cells. 


a lower basal cell (b) and an upper auxiliary cell (a) (Figs. 5, 6), Occasion¬ 
ally this auxiliary cell pushes out a small projection towards the approaching 
ooblastema; fusion takes place (Fig, 6), and the fusion cell is then at first 
developed much.as in the typical .Ceramiales. ' 

The fusion cell is soon divided transversely into a lower foot cell and 
an'upper ■ central cell, the latter containing a'nucleus descended from 'the 
zygote. This rapidly divides (Fig., 8), giving rise to the secondary oobla¬ 
stema. At the same time the cells at the base of the periphery commence 
, to : elongate, and in all cases 'this . process begins directly after the/fusion of 
the piimary'ooblastema with the.auxiliary cell, the first^ cells to'lengthen 
being connected, primarily or secondarily, with the dasal 'cell, (Figs. .,'7 and 
'T:he",.,:'seGondary„ ooblastema -grows rapidly ^at ,.about-,/the 'saine-.level 
as' the':base,-S: of; these, lengthening ceils, and,, the elongation ..of ; .these basal 
peripheral,'cells, ■accom.panies- its growth around the whole-"thallus,'' com- 

-D . 
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mencing in each cell just before it is reached by the advancing 
end of the ooblastema (Fig, 9). ' 

A ganietophyte cell will often send out three or four processes 
become connected not only with the advancing sporophyte, but also Wj 
the bases of the' elongating cells, and these processes enlarge until fiF 
a layer is produced consisting of cells of the secondary ooblastema 
the ganietophyte fused together to a trophocyte from which the gro\vl^| | 
gonimobiast clusters spring. *'* ;vi ^ 

In Fig« 9 the cell which is putting out a process to meet the dista|! 



Fig. S. Early division of 
central cell. basal cell; 
elongating cell; /I, foot cell. 




Fig. 9. H.pathyderma^ 4 mm., oc. 4, reduced. Part of young 
carposporophyte; secondary ooblastema (thick outlines) with 
secondary connexions to nnich-fiised cells of gameiophyte. 
The dotted portions are gelatinous cell-walls. 


cell of the advancing ooblastema, will itself develop into an elongated cell3 
and the similarly situated cell L which is not putting out any process, 
will also become an elongated cell. The secondary connexions do not 
follow any rule. , 

A few ©ells behind the advancing distal end tne cells of the horizontal 
ooblastema begin to develop gonimobiast clusters of carppsporangia, branch¬ 
ing in all directions. In M. pachyderma the branching is almost confined 
to the base of the cluster, thus producing nearly vertical rows of carpo- 
sporangia. Each cluster is separated from the neighbouring clusters by 0 
moderately thick gelatinous' mass, and each carposporangiiim.is'surroundec 
/by/a; thm^waIl, of the'aame^m'ateri'aE:.■ 

Eventually the carposporangia, each; Gontaining.one uninucleate carpo 
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ipore, encircle the whole thallus. The surrounding gelatinous materialj now 
for the first time; becomes granular in appearance when stained with safranin 
.Xv liiethylene blue* 

The diameters of the carpospores of H, pachyderma vary within the 
I'Hving limits, 9 by 7 10 by 15^1. 

cells of the raised periphery also show changes, becoming much 
tv^ped and joined by secondary connexions. The gelatinous substance 



Fig, 10. H. pachydenna. Part of mature cystocarp. The dotted portions represent readily 
stained intercellular matter and disintegrating polysaccharide material. The secondary ooblaatema 
has fused with the gametophytic cells beneath it to a trophocyte extending all round the thallus. 

in which'they are embedded becomes, when the cystocarp is mature, visibly 
granular on staining, the disintegration commencing as lines arising between 
the tufts of peripheral cells and especially round the remains of old procarps 
(Fig. 10). This disintegration always proceeds from within outwards, and 
'^rely' reaches the surface.' The intercellular' material increases ■ consider¬ 
ably,'and'stains rapidly and very deeply .with middle lamella stains, but.' 
inally the mature carpospores lie in a space which shows no coloration 
|ith either "middle lamella or 'miicilage stains, all signs of thc''Stainable 
'fatter formerly 'surrounding them having ' disappeared. ' The still tough 
j.h*!d,by the'gro'wth':of thecystocarp, much-strained."ou ter'co.at breaks away, 
the.'carpospores, are' all set free into the water .together. 
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Ha7''veyella mirabilis differs from H. pachyderma in the carpogonial 
branch, and in the details of the nutrition of the ooblastema» 

In //. mirabilis the carpogonial branch is without exception four-celled* ,1 
The peripheral cell supporting the carpogonial branch acts as the auxiliary 
cell, and there is no further division into basal and auxiliary cells* But this 
cell, before fertilization of the carpogonial nucleus, cuts off from its lower 
part two small cells which develop into short sterile branches, one of two, 
the other of four cells (Figs. 12 and 13, s). After fertilization, fusion i 
takes place by means of a very short ooblastema, and a central cell is cut 
off (Figs. 13, 14), while the lower-part—the foot cell—and the cells of the.|, 
sterile branches widen their connexions and eventually become fused intO’V| 



Figs. 11-14. Stages in the development of the procarp and the auxiliary cell of II, mirabilis, 
a,j auxiliary cell; f/., central cell; s.^ sterile hlaments, 4mm., oc. 4. 



Figs, 15 and 16. H. mirabilis. Development of auxiliary and central cells, Sporophyte with 
• thicker outlines. 4 mm., oc. 4. 

a very large coenocytic cell (Figs. 15, 16, 17), often joined by broad 30 
secondary connexions to the nearest cells of the gametophyte. 

The central cell, containing the descendant of the zygote nucleus, quickly 
divides, producing, as In H, pachydermay secondary ooblastema, which in 
this case have no further connexion of any kind with the cells of the 
gametophyte (Fig. 17); they derive all their nourishment from the coeno¬ 
cytic food reservoir formed from the two small sterile branches and the 
lower''part of'the auxiliary'^eelh,- ’^'V, '■ ■ ''"T 

In this plant in the gametophyte there are none of the secondary ' 
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connexions which, are so common in //. pachyderma^ and all the ceils of 
the thallus remain uninucleate. 

The gonimoblast clusters of carposporangia are developed similarly to 



Fig. 17. H,7nirahilis* Small portion of young cystocarp. Sporophyte witli thicker outlines* 

4 mm., oc. 4. 

those of H pachyderma^ but the branching is from a narrower base, and is 
continued farther up the branches, thus producing clusters whose branches 
radiate outwards (Fig. 17). 

The, carposporangia of H. • mirabilis are more oval than those ■ of 
H. packyderma, their average diameters being 25 by 10 jit, %o by 7 / a . 


Antheridia. 

The antheridia in both plants are produced by the rapid division of 
the distal cells of the young periphery (Fig. 18). 

. Small tufts of more or less elongated cells are first .produced, which 
then'give rise to the spermatia. The cells of these tufts are usually, as 
shown in Fig. 18, but, in both plants a variation appears, the antheridia being 
'produced as spreading tufts of narrow cells radiating from a narrow base. 
The nucleus of each narrow cell divides, one daughter nucleus moving to, the 
upper end, the other to the lower. The upper 'proceeds outward into the 
gelatinous material, of the outer coat - of the thallus,, and the lower' repeats 
,the' process from six to eight,, times,. In''Fig, ,2^0 a spermatium,ha's passed 
Ihrough the■■ outer ,coat and,is just escaping into the' water ; this occurs' iii' 
both, plants occasionally. Usually the outer coat becomes so,weakened 'by ., 
■the"'masS'of-spermatia formed' all round the thallus that it-gives wayat^sbme- 
point—flies off like ' a .broken spring—and all the spermatia are, set free together. 
In M. pmkyderma the.-spermatia' are'..cut -off/re-g'iilarly,.by-transverse''W.a,lls, 
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one after the other (Fig. 19)^ but in H. mirabilis they are produced obliquely 
and alternately (Fig. 20). 




Figs. iS-20. 18. II. f achy derma. Antheridia and spermatia. 4 mm., oc. S, reduced. 19. AT. 
pachyderma. Antheridia and spermatia. 2 mm., oc. 8. 20. H. mirabilis. Antheridia and 

spermatia, 2 mm., oc. 8. 


Tetrasporangia. 


These are developed in the same way in both plants. 

A distal cell of a very young peripheral chain divides as usual by an 
oblique wall (Fig. 21) ; the narrow cell a is then usually cut off from its basal 
pail, elongates, and may divide once more. The- oval cell b is the tetra- 
sporangium and rapidly enlarges ; it divides cruciately, producing four uni¬ 
nucleate tetraspores, the transverse division appearing first. After the four 
spores are thus produced, still contained in the wall of the tetrasporangium, 
a narrow line just outside this wall commences to stain deeply with aniline 
blue or gentian violet, while at the apex appears a cap of similarly stained 
material,'and, immediately above this radiating lines. The gelatinous sub¬ 
stance around is softened, especially near the apex, and the tetra- 
sporangium moves through the outer coat until it reaches the water* The 
track through which the tetrasporangium has passed stains with aniline 
blue, and an old tetrasporic plant shows a large number of such tracks. 
Often the tetraspores escape from the tetrasporangium wall before it reaches 
the water; they then flow out one by one (Fig. Although the sub- 

..stance of'this outer ■ gelatinous coat is-altered ■ when either -tetrasporangia,-' 
carposporangia,-or antheridia, are-,'-developed within it, the; changes,,":,are not 
the same.-,,' Acted on by the,tetrasporangia the product stains with aniline 
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blue, but this stain has no effect \vhen carpospores or antheridia are 
developed Plants bearing apparently both antheridia and procarps are 
occasionally foundj but always one half of the thalius bears procarps only 
and the other half antheridia only. 

These specimens are the product of separate spores, which have chanced 
to develop very near to each other. The tw^o external cushions, emerging on 
the surface of the host, in close proximity and at the same time, will natur¬ 
ally have a few, and only a few, of the host's peripheral cells between them. 

i\s the two cushions grow, their outer coats coalesce and when mature 
appear as if they enclosed one plant, half male and half female. But in¬ 
variably between the two halves 
the outer coat is slightly dented 
inwards, and directly under this dent 
is the little bunch of Gracilaria peri¬ 
pheral cells which originally divided 
the two young cushions (Fig. C2). 

Cases of two male or two female 
plants growing together are common, 
and always show this dent and the 
peripheral cells beneath it. Tetra- 
sporic plants are not found with either 
cystocarpic or antheridia! plants in 
a similar combination, as they so 
seldom develop at the same time of 
the year. Thus in Harveyellay unlike 
many other Florideae, the cystocarps, 

antheridia, and tetraspores are invari- 

t j 4 oc. 5. a, Sterne ceiis; d, stages 

ably developed on separate indl- in tetrasporangia; c, tetraspores escapincr; 
viduals tetraspores have escaped. ^ 

After the escape into the water. 

of tetraspores, carpospores, or spermatia, Harveyella dies. ' It is not, at 
first clear why this should happen; the store of available food in the'host 
plant, ■ relatively ■ to the size, of the parasite, is. very large, the parasitic 
filaments are apparently healthy, and' it seems possible for them to 
give rise to a, new external cushion. This, however, does not occur. 
From^ the "first appearance, of the Harveyella outside its host there are 
signs of an. excess in, the .amount of carbohydrate conducted. .fro'in the 
parasitic cells to .the external cushion,, and by the time the, carpospores 
are developing not .only is' the intercellular matter very bulky, but ,every 
cell, of the central tissue' is' full; of amylodes. When the . carpospores, 
■&c.,'are mature, the contents of these centra!'.cells have: much: decreased, the 
intercellular' matter.'haS'grown' till: it'exceeds the Total .'bulk' of the cells 
themselves, and the num.ero,iis pit connexbns seem, to'cease to ,be available. 



Fig. 21. //. packyd&rma, ^ Tetrasporangia. 
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The parasitic filaments have hitherto been comparatively thin walled and 
their contents not granular, but they also now become filled with amylodes ; 
the ends of the filaments often branch profusely and become surrounded by 
increasing masses of waste polysaccharides; the external cushion is unable 
to use the carboh3/drate which the parasitic cells are still accumulating. 
•Harveyella is, from a reproductive point of view, very efficient: every plant 
produces carpospores, tetraspores, or spermatia over the .whole surface of 
the external cushion; hence when these are set free there is no periphery 
left. In the cystocarpic plant all the peripheral cells and outer coat, raised 
on the elongated cells, break away before the carpospores escape; in the 



Fig. 2 2. //. pachyderma. Junction of separate male and female plants, a, small group of 
Gracikiria peripheral cells. 4 mm., oc. 4, reduced. 

antheridial plant nearly all the peripheral ceils have been developed into 
antheridia, and the outer coat breaks away in one piece to set free the sper¬ 
matia ; in the case of the tetraspores practically all the peripheral cells have 
developed into tetrasporangia, and the outer coat is gradually destroyed by 
their passage through it In each case the exhausted central cells and the 
softened intercellular matter are exposed to the sea, and rapidly disappear 
under the action of bacteria and other organisms. 

The parasitic filaments still remain in the host plant In some the 
Gracilaria cells near, naturally empty, and exposed to the sea, collapse and 
the whole frond breaks off. Very frequently this is not the case ; the host 
remains healthy, and the parasitic cells, full of amylodes, have their further 
development stopped by enclosure ,in a^relatively. thick mass of laminated 
carbohydrate material, ' much ; resembling the original • external layers, of'the 
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outer coat of the Harveyella cushion. Filaments in all stages are seen 
enclosed^ from two to fifteen cells in lengthj with cells shrivelled and dead 
or still apparently alive. The enclosing layers are often three times as 
broad as the diameter of the filaments, and are probably the product of the 
parasitic coHs themselves. Other species figured by Reinsch in * Contribu- 
tiones ad Algologiam et Fungologiam ^ are named as follows : 

1. Choreocolax Rab€nho 7 ^stii,^ 2 a^£\\Xz on Delesseriae. 

2. . - 5, Americamis^ „ Lophura Roy ana subfnsca. 

3. 5j Macr anemia^ „ Lanrencia pinnatifida, 

4. „ tnmidiis^ „ Ceramiuni involutum. 

5. 5, destructor, „ Gigarthia TeediL 

None of these has been investigated: any of them may be other species 
of HarVeyella. I have not been able to find any of these plants, which are 
stated to be common on the coasts of North America. 

One other plant first described by Reinsch in the same volume, and of 
which I have only seen one very young specimen, is Choreocolax Poly- 
siphoniae,^2LX2.s\\Xc on Polysiphonia fastigiata, described by H. M, Richards 
(6). ,This paper was incomplete, but it definitely proved that the parasite 
was not a Harveyella, though closely resembling it in structure and appear¬ 
ance. ’The cystocarpic cushions are lobed, and each lobe contains one 
cystocarp, consisting of a conceptacle with an opening to the sea. This 
conceptacie is bounded by a layer of flat tabular cells^ and from these arise 
protuberances on each of which grows a single carpospore and a sterile fila¬ 
ment. The drawings in this paper remind me of a Galaxaura^Vk.^ plant, 
much reduced by a parasitic habit and enclosed in a gelatinous envelope. 


Summary. 

'. / ■ m 

i. H mirabilis and H. packyderma are true algal parasites, belonging 
to the Florideae, and growing respectively only, on Rhodomela subfusca and 
Gracilaria confervoides, 

■3, In habit, external morphology,-and somatic details as far as checked, 
they are very similar. 

, 3. .The twO' forms differ in. the carpogonial branch. This may be only 
a case of further parasitic reduction in H. packyderma. 

'4-'The two plants differ'in a’ll the .details .of the'noiirishment of the 
ooblastema, the essential mechanism of.ooblastema fusion, and the secondary 
fusions which .' are ,so: ,common in packyderma ''are entirely ', absent in 
H* mirabilis, ' The two plants are .sufficiently distinct to ,be..,pla'eed .in; .differ¬ 
ent genera .at least,'. 'Tn the present lack of knowledge of these details, in so 
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many common forms, the ■ nomenclature is purely provisional and as only 
three species of the old genus Choreocolax have been investigated, it is at 
least possible that the remaining nve figured by Reinsch may in the future 
prove to be equally distinct. Under the circumstances the genus Harveyella 
may still provisionally include the two distinct forms H* packyderma and 
H, mirahilis. 

5. During the year these two parasites pass through the ordinary full 
Fioridean life-cycle' twice, in water of ten or more fathoms below low-water 
mark* This is accompanied from October to April by a development of the 
same cycle once, at near low-water mark, but in very much greater numbers. 
From I\Iay to October both species entirely disappear from the shallower 
water, 

6, These two species have attained their great similarity of appearance 
and somatic details partly from reduction due to their parasitic habit. They 
were reduced from species of Florideae of the present-day type, after these 
species had reached the Mi Fioridean life-cycle. 

In conclusion my thanks are due to Dr, A. H. Church, pf Oxford, for 
very helpful criticism and suggestions in the final preparation of this paper. 

The drawings were made in' outline by means of the camera lucida at 
table level, unnecessary detail afterwards omitted, and the figures in many 
cases reduced* 
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The Anatomy of the Branching Fronds of some 
Cultivated Varieties of Ferns. 


BY 


S. WILLIAMS. 

With fifty-three Figures in the Text* 


Introduction. 


T he branching of Fern fronds, and especially the relation between 
dichotomous and monopodial branching. Is of considerable general 
interest. Branching varieties, or ^ mutations ’ as Goebel ^ has recently 
termed them,-have been long known, and a number of them are figured in 
various works of the seventeenth century. In more recent times, the 
prevalence of forked varieties has been. noted by various investigators in 
their consideration of the problems connected with the architecture of the 
Fern frond. Bower,^ Potonie,^ and others have used such forms in support 
of the view that the various types of branching of Fern fronds are all derived 
from a dichotomous type. 

The behaviour of the vascular strands during the process of branching 
has, however, been described in only a few cases. Professor Bower ^ has 
mentioned a furcate variety of Nephrodium molle as exhibiting a very equal 
division of the vascular supply at the level of branching. An equal division 
of the strand is also described as occurring in branched fronds of Platysoina 
microphyllum? Apart from these two cases, however, the anatomy of the 
iiiimeroiis furcate' varieties does not appear to have been described, and it 
has been generally assumed that an equal division of the vascular supply 
takes place at the, level of branching in all of them. An examination of 
some branched fronds of Scolopendrinm vulgare showed a distinct inequality 

^ Goebel: OrganograpMe der Pflanzen. Auff. ii, pp., io64-“7o. 

2 Bower: On Leaf ArcMtectiire a,s illuminated. by a Study of Pteridophyta. Trans. Roy. Soc., 

'' ® Potooie : G.ru,iidlimeii der Pdanzen-Morphologie, pp, iiS-ao. 

'''^.Bower; 1,a, p. 69S, 

® THompson: Anatomy and Affinity niFlMyzoma microphylltim. Trans. 'Roy,,.Spc.,...Edin.,.Ii, 
.'[Annals of Botany, Vol, XXXVni, No. CXLIX. January, 1924..] 
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of the supply to the two divisions. The possibility, in this case, of the 
smaller of the branches being lateral relative to the other rendered it 
desirable to make a more extended investigation and a number of branching 
varieties of Nephrodium^ Scolope^idriiim^ Foiypodimn, Athyrimn^ and 
Osmtmda have been examined. The anatomy of the varieties of the first 
three genera will be described rather fully; that of the others will only be 
mentioned in relation to general conclusions. 

The varieties have been grouped together under the species from which 
they have been derived, and in each case the structure of the vascular 
strand of the petiole and rachis in the normal frond has been briefly 
described, as aiding in the understanding of the structure of the branched 
fronds. Although the nomenclature of the varietal forms is somewhat con¬ 
fused, most of the varieties described in this paper are well-established ones, 
and the varietal names used are those given by E. J. Lowe in his * British 
Ferns k 

FlLIX- 3 fJS, Rich.^ 

The structure of the petiolar trace of Nephrodium Filix-mas is well 
known, and need not be described at length since it is similar to that of 
Permmna^ of which a detailed account has been given by Davie.^ In 
a transverse section at the base of the petiole a horseshoe-shaped cuiwe of 
strands with the open end of the horseshoe facing towards the adaxial 
surface is seen. The two adaxial strands are the largest and possess 
characteristically hooked xylem masses, and it is from the backs of these 
hooks that the pinna traces are given off extramarginally. The abaxial 
strands are smaller and each of them possesses a simple plate of xylem. 
There are also smaller commissural strands linking up the main ones to form 
a network. In higher regions of the frond the number of strands forming 
the horseshoe' becomes less, and near the tip there is only a single strand' 
present. ThiS' strand, from which the last few pinna traces are given off in 
■a, marginal fashion, possesses a xylem. plate without hooks. 

,, There are numerous varieties of N-ephrcdium Filix-mas which exhibit 
' a branching either proximaily or distaily in the frond.' ,A number of such 
.'varieties,, have been examined, .and. the.following are described as being 
■'.Fep,res.eiitative,:.' ' 

' ramo:^cristat%im» 

'. The fronds ..of this variety are cha'racterized by a branched and' crested 
.habit,. the''main'branching occurring,in..thelower pa'rt of the^ frond. . There 
:..,may.,only .be..a single, proximal' bra.nching,.or one', or.both'arms' of .this, first' 

^ Mir-wai, (L.) Scliott, of ' 

* Davie : Stnacture swid Affinity of aod lOi&c^pe, . Ano',. Bot., .sxvi, p. 245.. ", 
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branching may divide again. Occasionally a trifurcate frond is found. The 
frond oil which the following description is based had each shank of the first 
forking again divided. 

At the base of the petiole the vascular strands are arranged in a some™ 



Figs. 1-9. Nephrodium FiUx-mas^ var. 7 ‘amo*cristatmn. 

Figs... 1-4. Series of transverse sections of rachis (adaxial surface uppermost) from base to level 
of brandling. , , x 7. The dotted lines enclose areas of slightly decayed tissue. 

Figs. 5-7. Similar series in one arm of the first branching, x 7. 

Fig. S. Dissection of rachis: of ad tilt frond. 

Fig* 9, Dissection of rachis of frond from a two-year-old plant. . . 


what flattened horseshoe curve^ the terminal members of which possess 
hooked xylem, masses aS' in the case of the normal frond (Fig. i). ■ .At 
a level a little distance below’ the branching a new strand appears in a central 
position in the; concavity of .the horseshoe and quite separate from the other 
strandS' of the cuiwe (Fig, .2), ■, It is. this central strand which is of primary 
.importance'"'., in. the.' division ' of the'' vascular' supply. which... '.accompanies.. the 
.branchiii'g.,.... At successively higher levels in the rachis it is seen to, increase 
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gradually in size, remaining free for a considerable distance but anastomosing 
with the adjacent abaxial strands at higher levels (Fig. 3). As the level of 
branching is approached, the central strand divides into two, so that there 
now become evident two horseshoe curves of strands (Fig. 4) which pass 
into the two shanks of the branching. At a level a little below the actual 
forking, a further complication arises in connexion with the further branch¬ 
ing of each shank. At this level the rachis is already bilobed, and, in 
a central position in each of these lobes, there arises a small strand similar 
to the main central strand (Fig. 4). These strands maintain their central 
position in the lobes, gradually increasing in size and ultimately passing into 
the arms of the branching. In each arm the central strand behaves in an 
exactly similar manner to the main central strand, and by Its division gives 
rise to the inner, adaxial corner strands of the second branching (Figs. 5-7). 
In this manner^ each of the four shanks resulting from the two forkings 
comes to be essentially similar in construction to the rachis of a normal, 
imbranched frond. 

The general relation of the strands is shown in Fig. 8, which is a camera 
lucida drawing of a dissection of the petiole of a frond which showed only 
a single branching. A small piece of paper was inserted under the end of 
the central bundle to indicate its separateness from the strands of the hprse- 
shoe, the^ course of the strands behind this paper being indicated by dotted 
lines. 

The details of the elaboration of the central strand, as seen in trans¬ 
verse sections from below upwards^ are shown in Figs. 10-14. A section 
immediately above the level where the strand first appears shows a small 
group of tracheides surrounded by phloem and endodermis (Fig. lo). 
At a higher level a small group of tracheides appears to the adaxial side 
of the main xylem mass (Fig. 11), and at successively higher levels this 
adaxial group enlarges and becomes extended in a direction parallel to the 
adaxial surface of the rachis (Fig. 12). Simultaneously with these latter 
changes the abaxial xylem mass enlarges, and in a central position in this 
there'becomes evident an island of phloem. At' still higher levels' the 
adaxial,xylem mass becomes connected to the abaxial mass; the phloem 
island increases in size,, and finally breaks through> to the abaxial side 
(Fig, 13).' At the, level 'of branching this strand divides to' give,tw:o strands 
which 'CO'ntiniie 'as the inner adaxial strands of the two arms of the'branching 

(Fig. 14). 

A small trifurcate frond of this variety was also examined, and the type 
of vascular division (illustrated in Figs. 15-18) was found to be similar to 
that described above, the trifurcate appearance being due to the fact that 
one arm of the first branching divided again almost immediately. Two 
central strands {a and b in Fig. 16) are present in the concavity of the horse- 
^oe, and these, by their enlargement and division at, levels approaching 
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; ,Figs.' lo-iS. Wcpkrodiiim ramC’^cHsiaftim* 

Figs. 10-14.' Series of transverse sections of the central strand from its origin up to the level of 
branching; xylem,^cross-hatched; phloem,stippled ; endodermis, plain line, x 60. 

Figs. i5“iS. Series of transverse sections 'of rachis of,trifurcate frond from its base to just below 
the branching. ■ ,x 9. " ' , ■ ' 

liGS. 19-22,.; A'ipliroduim I^thx-masj X&t, folydactyhim (Dadds). Series of transverse sections 
In the region'of branching, x 9. 
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the branching; give rise to the adaxial strands labelled a i, a 2, b i, and ^ 2 in 

Fig, 18, 

The fronds of young plants of this variety also show a branching habit, 
though the branching is more irregular than in fronds of adult plants. In 
the fronds of two-year-old plants there is no special central strand, but the 
central abaxial strand becomes larger at levels approaching the branching, 
and at the actual branching divides to form The inner adaxial^ strands of the 
two arms. A dissection of the petiole of such a frond is shown in Fig. 9. 
In the fronds of one-year-old plants the type of vascular division is even 
simpler. At the level of branching there is a single strand, with a simple 
X3dem plate, which divides to supply the two shanks. 

In addition to the proximal branchings so far described, the fronds of 
this variet}'^ are also branched in a distal region to give a crested appearance. 
Such distal branchings are met with in a large number of varieties and the 
vascular division which accompanies them is of a simpler type than that 
described for the proximal branchings. The structure seen in the variety 
polydaciylmn (Dadds) is typical of such distal forkings and will now be 
described, 

3.^ Van polydactybmi (Dadds). 

The branchings of this variety all occur in a distal region of the frond. 
There is usually a bifurcation of the rachis, and in each resulting shank 
further branchings occur to give the polydactyious appearance. 

The configuration of the vascular supply up to a level a little below the 
bifurcation is essentially similar to that seen at a corresponding level in 
a normal unbranched rachis, consisting, in the fronds examined, of a'horse¬ 
shoe curve of four or five strands. At levels approaching the branching 
these strands coalesce, so that immediately below The branching there is 
seen a flattened curve of vascular tissue without gaps and with ill-defined 
hooks at each extremity of the xylem mass. This solid arch divides, 
equally to supply the two shanks of the branching (Figs. 19-22). Each 
daughter trace has its xylem mass in. the form' of a slightly curved plate 
with a small,' indistinct hook at each end. In the further branchings which 
occur in ;eacli' arm there is a simple division of the single vascular strands. 

,' .The' type of structure' found in the two varieties described above holds 
also for several other varieties which have been examined. In the fronds of 
adult plants''of all of them., a distinction can be drawn between proxinial'and' 
distal brahchings, the former being' characterized by the central strand type.,' 
'^of division,.'and" the: latter by a 'sim'ple division of a solid, much-flattened 
curve of'Vascular' tissue. ' .'The'type of structure present in'the'fronds,of; 
young plants of TV./.-»/. van, stands 'in, evident relation tO'' 

the simpler vascular skeleton of, fronds of that age. The fronds of m'O'O'ther '' 
young plants have been 'ex',am,ined. ■ 
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SCOLOPENDRIUM VVLGARE, Sm.^ 

The structure of the vascular strands of the norma! racliis of Scohpen- 
dritira vulgare has been described by Luerssenf^ Bertrand and Coriiaiile,® 
and, so far as its phylogenetic significance is concerned, by Bower.* The 
varying conformation of the strand at diilerent levels in the frond has not 
received much attention and a brief statement of the facts may therefore be 
given. 

At the base of the rachis there are two strands, each possessing a strap- 
shaped X3dem mass surrounded by pliloeni, peric^xle, and eiidodermis. At 
higher levels the two strands move together and at a level just below the 
lamina! portion unite to form a single strand with an X-shaped xylem mass 
(cf. Fig. 23). The pinna traces are given off from the adaxial arms of the 
xylem mass in a marginal fashion. In the distal region of the frond the 
strand appears as a simple plate, the abaxial arms of the xylem mass being 
no longer present. 

Scohpendrium vulgare is particularly rich in varietal forms, many of 
w^hich possess branched fronds. ■ In a consideration of the anatomy of such 
branched varieties the main interest lies in the modifications of the X-strand 
at levels below the branching. A number of varieties have been examined, 
and the following are selected for description as illustrating the various 
types of branching met with in this group : 

I. Var. ramo-cristatuni. 

As the name indicates, the fronds of this variety are both branched and 
crested. Figs. 23-9 illustrate the structure of a frond in which the main 
branching occurred just below the laminal portion. Further branchings 
occurred in each shank of this first forking, and in the distal region of the 
frond repeated branchings gave a heavily crested appearance. 

There is present near the base of the petiole an X-shaped strand which 
is' similar to the strand of a normal petiole (Fig. 23)- Figs. 24-6 illustrate 
the changes in the conformation of the strand at levels approaching the first 
branching. These changes result in the formation of what may be termed 
a double normal strand at a level just below the branching (Fig. 26). This 
strand is laterally extended and possesses a xylem' mass which consists of 
two , X-shaped ■ masses united by their adaxial arms, and at the actual 
branching it divides to give two strands, each of which closely resembles the 
strand seen at the base of the .petiole. 

Immediately above this first,-branching one arm again divides,.and 

^ (L,)’Kewm.,:of Christeasen. 

® 'Liiersseii: Die.FampHanzen, p. 120 . 

' '®,Bertrand 'and Cornaille:,. fetiide snr ■,qiielqnes..caractmstiqiies.de-la- structure des Filkiri'ees 
actnelles. 

4 -Bower : 'Studies in the Pliylogeny of the Filicales.. Ann. Bot., rscvili, p. 411. 

E ' 
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' FiCS. 23-9* ScQiFpindrmmvttlgare^xtxr* ramo-crhtatimt. ' 

Figs. 23-6. Series' of tran'sverse sections of the vascnlar strand from below up to the level of the 
first'brancliing. "x6o.'' . ' F ' ' 

" F IG. 2'7. Transverse section at level .of branching in ■ one arm' of the first branching, x 6,0. ' 

' Fig. 28. Transverse section at level .of branching in the other'arm. .. x 60'. 

Fig.'39, Trans verse. :section at level of one. of the distal branchings, .x fio.' .■ 

Figs., 30-4., Another foipi. of.' Scokpmdrium vuigare^, rmmHrisiaiimL, Series 'O'f .trans- 
■verse'sections''Hp to the iev^l of 'branching. X .60,, 

■ In 'Figs. .23,~:5o'the xylem'is.cxoss^'batched;' the.p'h!oein,,stipple'd 7 the endo'derm%.''a plain line:; 
masses .of sclerenchyma. black..' , 



51 


some Ctdiivated Varieties of Ferns. 

Fig* ^7 illustrates the structure of the strand just below this second branch^ 
ing. The division of this strand is equal, but each daughter trace, instead of 
possessing an X-sliaped xylem mass, has only an adaxial plate of xylem 
together with a small isolated group of abaxial elements. 

A second branching also occurs in the other arm of the first forking 
and in this case the branching is very unequal. Fig. 28 illustrates the 
structure of the strand just below the level of branching, the xylem mass 
here consisting of an X-shaped mass together ivith a lateral extension of 
adaxial xylem. By the division of this strand the larger arm is supplied 
with a strand possessing an X-shaped xylem mass, and the smaller one with 
a strand possessing only an adaxial plate of xylem. 

In the distal regions of all branches of the fronds the strands are devoid 
of abaxial xylem and appear as laterally extended plates. Fig. 29 illustrates 
one such distal branching where the xylem plate is dividing unequally. 

Another form of var. ramO’Cristaium. 

This is the variety which was first examined and ivhich is mentioned in 
the introduction as showing an unequal division of the petiolar strand at the 
level of branching. It closely resembles the plant of the variety ramo- 
cristatmn just described, and' would probably fall under this name : its 
fronds are much larger than those of the plant described under 1 above. 
The petiole is usually branched in a proximal region and further branchings 
occur at higher levels in the frond. Frequent branchings in a distal position 
give a crested appearance to the fronds. 

The changes in conformation of the X-strand from below upwards to 
the level of branching are illustrated in Figs. 30-4. As a result of these 
changes, the strand at a level just below the branching has the conformation 
shown in Fig. 33. One arm of the branching is supplied with a normal 
X-strand, while the strand supplying the other arm possesses an adaxial 
plate of xylem together with an isolated mass of abaxial xylem (Fig. 34). 
At a higher level, the strand of the smaller arm again comes to possess an 
X-shaped xylem mass by the appearance of tracheides between the adaxial 
plate and the abaxial group. 

' The distal branchings of this variety exhibit' the same simple type of 
vascular division as' those of the var. ramo-cristattim (c£ Fig. 29). 

grandiceps. ' ' ' _ 

' 'The .frond on which Figs. 35-9 are' based was not only crested But 
showed' an'equal..branching of the nachis some distance below the..lamina! 
portion*. ' ^ : 

' As a result of, a' series of changes' in the X-strand at levels approaching 
the branching'(Figs. 35--7)'.there is,-present immed.iately below the'branching 
alateraily exte.nded ■■ strand,.possessing only adaxial xylem/(Fig., 38), 'At 

■'-E % 
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the actual branching each arm is supplied by a strand possessing a grooved 
plate of adaxial xylem (Fig. 39). As in the varieties previously described^ 
the distal 'branchings show a simple division of a vascular plate. 

4 . Var. curiosmiL 

The fronds of this variet}^ exhibit varying degrees of branchings and 
there is also a considerable variation as regards the position of branching in 
the frond. The laminae are very much reduced^ being represented in the 
greater part of the length of the frond b}’ a narrow wing on .either side the 
mid-ribj but extending in the distal portion to form a fan-shaped blade. In 
the case of the frond on which Figs. 40-2 are based there was only a single 
branching, wliicli occurred about half-way up the length of the frond. 

Figs. 40-"2 .illustrate the structure of the petiolar strand at levels 
approaching the branching. The most marked feature is the cutting into 
the central xylem mass from the adaxial side by a wedge of phloem, with 
the result that im.mediately below the branching the strand comes to have the 
curious configuration shown in Fig. 42. By the division of this strand each 
shank of the branching is supplied by an X-strand, which differs from the 
normal type in the smallness of its adaxial arms. 

Several other varieties examined show essentially the same features as 
those described above. All the distal branchings exhibit the same simple 
type of branching as that described for ramo-cristatimt. The 

conformation of the strand at the level of the proximal branchings. shows 
considerable variation. It is thought that the central type is that which 
shows a double X-strand at the level of branching., and that the other types 
are modifications of this, due to variations in the amount of abaxial xylem 
present in one or both of the daughter strands. Figs. 26, 33, 28^ 27, and 
39 show a progressive and gradual reduction of the double X-strand. 

POLYPODIUM VULGARE, 1.. 

The petiolar strand of P. vulgare has been described byLuerssend 
Davie/^' and others. The main facts (which have been verified) are as 

follows.: 

A section near the base of the petiole shows two main strands in an 
adaxial position together with a varying number of smaller abaxial strands 
(cfi Fig, 43). .At higher levels in the petiole the strands, move to'gether 
' until,.'.at.a level .just beloW'the laminal portion, there is usually only'a single 
.strand''present. ' The,, xylem mass of this strand is V-shaped or Y-shaped 
acGO'rdmg to the amount of abaxial ■ xylem ' present,' and is surrounded by 
phloem., pericycle, and endodermis.. ''From the adaxial arms of the xylem> 

„ 2 ' D'we : TKe L«:af-trace, in some 'Pinnate .Leaves, Trans. Roy. Soc., Edin., vol. lii, p. 8, ■ ', 
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pinna traces ?d'e nipped off in^a typically marginal fasliion. In distal regions 
of tile frond the strand decreases in size and in the terminal portion is seen 
as a flat plate. 



Figs. 35~9.'. Scolopendritmi vzUgare, var. gyamiicep. Series of transverse sections of the 
vascular strand up to tile level of branching, x 6o* 

Yms, Scoloj^emh^um zmlgare, .curiostim. Senes of transverse sections of the 
vasciiiar strand in the region of branching,x 6 o. 

andj as In the case di Scolopendriiim^ the branchings may be divided intO ' 
two,groups, viz. those occurring in .proximal and those in,distal • regions of 
the,frond. The^ following varieties-are described as,being representative,: , „■ 

Var, rmmsum. ■■■ ' ■ ■ 

'The fronds,': of' this' variety usually show' ,a single,'"''ma'in,' branchihg"' low' 
'down' in the frond. ,F!gs., 43-7 illustrate ■ the vascular stractufe/''''from: the 
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base up to the level of branching in a frond where the branching was 
slightly unequaL The three strands which are present at the base of the 
rachis unite at the base of the laminal region to give a single strand with 
a Y-shaped xylem mass. At levels approaching the branching one of the 
adaxial arms of the Y becomes laterally extended (Fig. 46), and at the 
actual branching the larger arm is supplied with a strand possessing a 
Y*shaped xylem mass^ while the smaller one is supplied with a strand 
possessing only an adaxial plate of xylem (Fig. 47). 

Other frondSj however, exhibit an equal division of the vascular tissue, 
there being present at the level of branching a double normal strand. 

A number of varieties with fronds branched in the proximal region 
exhibit essentially the same features as those described above. 

a. Ym.gmndiceps (Forsttr), 

All the branchings are in a distal region, the fronds being heavily 
crested. In the lower regions of the fronds the structure of the petiolar 
strand is similar to that in the normal frond. Below the branching the 
strand has already lost the abaxial tongue of xylem and so appears as 
a laterally extended flat plate. Figs. 48 and 49 illustrate how, at the level 
of branching, this strand divides in a simple manner to supply the two arms 
of the first branching. In the arms of the branching the strands persist as 
simple plates, and in the further numerous branchings which give the large 
crested head they divide in a simple manner, though often unequally, since 
there is frequently a sympodial development of the branches in terminal 
regions of the frond. Fig. 50 illustrates the division of the vascular plate in 
one such terminal branching. 

The branching varieties of P. vulgare thus show characters similar to 
those already described in the case of Scolopendrium varieties. In the 
proximal branchings it has been seen that branching may involve either an 
equal or unequal division of the petiolar strand, but it is thought that the 
central type is that showing a double normal strand at the level of branch¬ 
ing. The cases where the division is unequal may be thought of here, just 
as "in the Scolopendrimn as. a. modification of the central'type due 

to differences in. the amount of abaxial xylem in the daughter strands. The 
distal branchings all show a simple division of the vascular plate which is 
.'present in. the ..'terminal regions of. the frond. ' 

Conclusion. 

. ;: ' In the preceding sections the facts have been given without any reference 
to, the .general problem presented by the architecture of the Fern leaf. • An 
attempt .may nowhe made to indicate briefly the bearing of the' facts on this 
problem, which, has: ,.a.lread.y received'a- considerable amount'of attention'from,, 
various investigators.^' 

1 See Introdiiction. 
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In all the varieties examined it is possible to divide the branchings into 
two categories according as to whether the branching occurs in a proximal 



FiGS. 43-7. Paiypoditim vuigare^ var, ranwsum. Series of transverse sections of the vascular 
strand lip to the, level of branching. ,x 60, 

Figs. 4.8-50. pdypodmm tf2iigare,\'Qj, grandkeps'i^oxslQi). 

Figs. 48-9. Transverse sections'at level of main branching, x 60. .a pinna trace*, 

Fig. '50, Transverse section at„level of one of the term,inal branchings, x 60. , 

Figs. 51-3. Osmtmda: regaizs^ wux. rama-cristatnm. Series of transverse'.'sections of the 
racMs from below np to,the level of branching, x 9.., 

or a distal 'regiO'n of the frond.' ..The proximal branchings are the ".more'' in¬ 
teresting inasmuch'as.they present a considerable amount of variatidh in, the 
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method' of division of the vascular supply, and these will be considered 
first. ■ ' ■ 

It has been suggested that the central type of vascular division in the 
proximal branchings is that which shows a double normal strand at the level 
of brancliiiig. the division of the vascular supply being perfectly equal 
This is very clearty shown in the case of the Nephrodium varieties, where 
a double horseshoe curve of strands is present at the level of branching. In 
the case of branching fronds of Asplenmm bidbiferum, and a branching 
variety of Atkyrium Filix foeinina.^ an equal division of the vascular supply 
was also met with, there being a double X-strand in the former, and 
a double V-strand in the latter, at the level of branching. Branching 
varieties of Osnumda regalis also show this type of branching very clearly, 
and just below the branching a double C-strand is present (Figs. 51-3)^ 
The branching in all these cases is clearly dichotomousv 

The proximal branchings in the varieties of Scolopefidrinnt vuigare and 
Poljpodimn vulgare are not so easily understood, since they exhibit a wide 
range of variation in the conformation of the strand at the level of branching. 
These variations may be thought of as modifications of the type showing 
a double normal strand, resulting from variations in the amount of abaxial 
xylem present in one, or both, of the daughter strands. The branchings in 
these varieties must then be regarded as being essentially dichotomous, 
though the shanks of the dichotomies are often unequal. 

In addition to the above interpretation of the anatomical construction, 
the morphology of the branched fronds makes it difficult to regard any of 
the branches as being lateral and homologous with a pinna. Branching often 
occurs below the laminal portion, and, in the case of branchings occurring in 
the laminal portion, the smaller of the branches does not appear to take the 
place of a pinna. 

It must therefore be concluded that the balance of the anatomical and 
morphological evidence lies in favour of the view that the proximal brancli- 
iogS' are ail dichotomies, though the shanks may, in certain cases.' be 
unequally developed. 

The case of the distal branchings is somewhat simpler in relation to the 
simpler conformation of the normal strand in these regions. These branch¬ 
ings are all of a' dichotomous nature, though there is often a considerable 
degree of sy'nipodial development of the' shanks. 

In the'.absence of any knowledge of the development of the frond in 
branching .varieties, it would seem justifiable, on : the grounds stated above, 

^ Tlie central strand type of vascniar division present iii 0 .' reguHs varieties'has been described 
. above as occurring also in MeJ>kro(iium FiHx->mas^ var. rmm^cHstaiwn. In both, cases the central 
strand, by its enlargement and division, forms the inner adaxial portions, of the .two daughter strands.;. 

.■■■ 2 The term ‘ .dichotomy ’ .as nsed in this paper does not necessarily imply an equal division .of.'an' 
apical cell, but is used, rather in' the sense -'of. the * apparent, dichotomy * defi'ned. by Bower as the 
contmup-tiqn.of .one shoot'by, two equally strong ones *. 
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to regard ail the branchings observed as being essentially dichotomous. 
This conclusion confirms the assumptions which have been made previoiish^ 
that the frequent abnormal branchings of Fern fronds are dichotomies : but 
it has to be further recognized that varying degrees of S3rmpodiai develop¬ 
ment may occur. 

This frequent abnormal dichotomy fails into line with the rest of the 
evidence which has been brought forward from the normal condguration of 
living and extinct species, notably b}." Bower and Potonie, in support of the 
dichotomous theory of frond construction, which holds that the modern 
Fern frond with its typical motiopodial construction was derived from 
a dichotomousl}' branched structisre. 


SUMMARV. 

1. The anatomy of the branched fronds of a number of varietal forms 
of leptosporangiate Ferns has been described with special reference to the 
method of vascular division. 

2. The branchings are divided into two groups: those occurring in 
a proximal and those in a distal region of the frond. 

3. It is shown that a double normal strand is the characteristic 
structure present at the level of branching in proximal branchings, though 
this may be modified in various ways. 

4. The distal branchings all show a simple division of a laterally 
extended vascular plate. 

5. All the branchings are held to be dichotomous, though there may be 
a certain amount of sympodial .development of the shanks. 

6. The relation of these facts to theories of frond construction is briefly 
discussed. 

In' conclusion, 1 wish to express my thanks to Professor W. H. Lang 
for suggesting this investigation and for much helpful criticism throughout 
its progress. 

Cryptogamic Research Laboratory, 

Botanical Department, 

, Manchester University. 
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INTRODUCTION. 

M uch of the past work on the rate of increase in area of leaves 
seems to have snftered somewhat from the lack of a simple and 
accurate method of ascertaining the area of a leaf without damaging the 
leaf or plant. The methods usually' employed■ may be' classified under 
two main tj^^pes: either the area is calculated from certain measurements 
made on the surface of the leaf, or else it is obtained direct by means 
of a pianimeter. The' latter type of method is the more accurate of the 
two, since it is not affected by variations in the shape of the leaves, but it 
suiters from a serious disadvantage—it involves the destruction of the leaves ; 
no two successive measurements can therefore be made from the same leaf. 
Gregory, in his recent paper (8) on Cncttmis saiivus, has made use of a 
method of the first type; he estimated the area of the leaves day by day 
by means of formulae based upon the relationship ofthe area of the leaf to 
certain measurements made on its surface. But, in spite of the time and 
trouble such a method must entail, he only hoped to obtain results 
significant to five per cent. It is obvious that the accuracy of such a 
method must largely depend upon the degree to which the leaves maintain 
their shape unchanged during growth; .Gregory found that the leaves of 
Qicmms sativns changed with increasing age from irregular hexagons to 
irregular octagons, and he had to use different measurements and different 
formulae according as the leaf approximated to the one shape or to the 
other; 

A method of the second type has been used by Briggs, Kidd, and 
West ( 3 , 4 , and 10) in their recent studies of growth in Helianthus ; they 
cut off the leaves, made tracings from them, and determined the area'of the 
tracings by means of a pianimeter. To discover the rate of increase in leaf 
area from week to week, they had to use a different batch of plants for every 
week; had it been necessary to make determinations every day, the number 
of plants required would have been inconveniently large. For their purposes, 
however, this method left little to be desired, because these authors were 
studying; the relationship of the increase in the area of the leaves to the true 
growth of the plant, as expressed .by its increase in dry weight . Although 
these .authors have, .shown, in the papers mentioned abovcj that increase in' 
'■ 'leaf area,' cannot'safely be taken as a measure of the true growth of the 
..plant which .can'Only be found from'the changes in, dry weight, nevertheless 
it is a form of grow.th, i, e. a growth in area, and as such it is. worthy of study. 
;Provided, .itS ' necessary 'limitations .are not .lost sight of, a study of increase. 
: ".inl.eaflarea., may'.throw light, on-many problems that,■■■could'.'not' easily be 
■attacked by the.'Hiore fundamental 'dry weight. method-,' For example, exact 
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quantitative data are aloiost completely lacking in the case of the compensative 
clianges in the rate of increase in area that are known to occur in certain 
leaves, when certain other parts of the plant are removed. To carry out 
study of this nature, a method Is required that combines the advantages of 
both types of method mentioned above; it must be possible to ma.ke suc¬ 
cessive measurements of the area of the same leaf, and to make them with 
the accuracy that can only be obtained by the use of a planimeter. 
Theoretically it should be possible to make tracings from the leaves without 
cutting them off, but in practice this is tedious and difficult; the present 
writer has therefore devised a photographic method which will be described 
below. To test the applicability of the method, a number of experiments 
of a preliminary nature were carried out in iqai on the dwarf kidney bean 
{Phascohis vidgaris)^ and in the following year a systematic study of the 
increase in area of the first leaves of that plant was begun ; the results 
of some of the experiments in this study will form the subject of this 
paper. 

I wish at the outset to express m}.' gratitude to Dr, F. F. Blackman 
for his unfailing advice and helpful criticism during all stages of the work, 
and to Mr. Udny Yule for assistance in devising a method of ascertaining 
the influence of the varying external conditions upon the rate of growth. 


hlETHODS. 


The method adopted was as follows: The plants were grown in pots 
and were taken in groups of four to a dark room at approximately the same 
time of day every day, where photographic prints were made of the leaves 
on * Slogas ^ gaslight paper ; the actual leaves being used as negatives with¬ 
out detaching them from the plant. No plant w'as in the dark room for more 
than about a quarter of an hour. With reasonable care this process can be 
carried out without in any way damaging the leaf or plant. Beneath the 
leaf was placed a piece of felt with'a slot to take the stalk, beneath the felt 
was a board with a similar slot; the printing paper was inserted' between 
the felt and the under surface of the leaf, which was pressed gently on to^ the 
paper by means of a sheet of glass. At first, weak spring clips were used 
to, keep the glass in position, but, later, it was found preferable to use slight 
pressure between finger and thumb. After exposure and development, the 
result, was an' exact image of the leaf in white on a black background. The 
outline of this image was, followed with a planimeter, and the exact area 
thus' obtained of the leaf at the time when' the print waS' made. As the 
veins: of the'Jeaf in^ this' plant are more- transparent ,than -the rest ,of the 
iam-ina,, - their ■ position could,, be. obtained, when required,"'by'slightly'', in- 
.'creasing,".the,"expqsure.'When..,making the^ print,; they -showed; then-'as:thin 
black ".lines .in, their co,rrect positions on the finished .print.--" W'hen'd-'ealing 
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with thirty plants, the process of printing; took about a couple of hoiirSj 
but, as the process was alwa3^s begun at approximately the same hour 
of the day and the plants alwa^’s dealt with in the same serial order, 
the variation in the times at which the prints were made from the same 
leaf on different days was never more than about half an hoiiiv At the 
time the print was made^ the serial number of the plant and of the leaf, the 
date and the exact hour and minute at which it was taken, were written on 
its back. The prints were developed later in bulk, and after fixation and 
washing were dried on ferrotype plates. 

Possible sources of e$Tor* It is obviously necessary to use leaves 
that present a flat surface: when they fall into folds it is possible to - 
obtain the area of the folds by slight over-exposure, for the region of 
the fold then shows whiter than the p'est of the image on the print. But, 
as pressure under the glass tends in time to make the leaf split along 
the edges of the fold, it is better to reject all such leaves at the start. .-.. 

There was another possible source of error—the prints might stretch 
or shrink during the process of development or drvdng; to determine the 
magnitude of this source of error a test was made. A negative was made 
from transparent millimetre paper, and a number of prints made from the 
negative and treated in the same method as those from the' leaves. The 
squares on the prints were then measured against those on the negative, 
and the error was found to be well under one-half per cent. As the, 
error of planimetering can be again taken as about one-half per cent., 
this method of recording leaf areas may be counted upon to give results 
significant to about one per cent. 

There, are two other possible sources of error that might affect the 
results: (d) the pressure on the leaf during printing might have a stimu- ' 
lating effect on growth, and (B) the mutilation of the plant, through th^.. 
removml of the apical bud and other parts in the course of the experiments, 
might lead to a wound-stimuius. As regards the first (a), since ail 
the leaves received the same treatment in the process of printing, all may 
be expected to have been stimulated to much the same extent; moreover, 
ill the,case of certain preliminary experiments, there was, in some cases, an 
inteiwal of two days between the making of successive prints from the same 
' le'af; the total percentage growth iii’the two'days was found to be the, same 
in .these leaves as in^ those of other plants of 'the same batch,, from: which' 
prints had been made every day. The second class of stimulatory effects 
ib) are unavoidable ■ when investigating the results., of .the .removal of 
certain portions of the plant; even if Child and, Bellamy’s method (5 
:and 6)' was. adopted, and physiological isolation by regions ■ of low 
temperature .used in place of a.ctual ■ removal, of parts , of the plant, 'it 
, wo,uld:'be impossible, to be ,,sure'that this treatment had not at ' least as" '. 
"Strong a stimulatory effect as that of actual wounding. ' 
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^Iaterial. 


The plant selected for the experiments was the dwarf kidney bean 
(F/mseokis zni/garis). The seed used in the preliminary experiments was 
Canadian Wonder obtained from "Messrs. Sanders^ Cambridge. In the 
series of experiments carried out in 1922 the seed used was • Selected 
Canadian Wonder' obtained from Messrs. SuttCB and Sons, Reading. For 
ail the experiments the seeds were carefully graded, and only those of 
approximately imiform weight utilized. 

In the preliminary experiments the seeds were sown directly into the 



Figs. 1-5. h = hypocotyl ; c - cotyledons ; L = first leaves '; E = epicotyl : 

A = apical biid. 

pots^ but in the later experiments a difterent method was adopted in these 
experiments the seeds were sown singly in soil in. tin tubes 3 Inches long by 
nf inches wide, W’hose bottoms were closed by pieces of brown paper. As 
soon as the plants showed above ground, they were transplanted into 7-inGh 
pots with as little, disturbance' to their roots as possible* The tube was 
placed'O'O a'layer,, of soil in a pot and the .paper carefully drawn away; 
so,i! was packed lightly round, the tube, which could then be drawn out,, 
gently, leaving the plant in position .'in'the pot, , This method was adopted 
to, economize space, in. the. greenhouse, 'where the' plants ..were grown;,, 
to make' siirC' of' obtaining .some' thirty plants of the -same age 'and" the'^'same 
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stage of development, it was found necessary to plant at least eighty seeds 
on the same day, and eighty of these tin tubes took up far less space than 
eighty pots would have done. 

In this variety of Pkaseohis vulgaris^ the first part of the plant to show 
above ground is a portion of the arched hypocotyl; it was at this stage 
of development that the plants were transplanted from the tin tubes into 
pots» The hypocotyl then elongates considerably and straightens, drawing 
the cotyledons out of the ground, and during and subsequent to this pro¬ 
cess the epicotyl lengthens slightly and becomes vertical, drawing the leaves 
from between the cotyledons, which move somewhat apart. The leaves then 
draw, apart from one another, and become horizontal and expanded ; the 
two processes, the drawing apart and the expansion, being more or less 
simultaneous and occupying from one-half to a whole day. This is the 
day referred to as that on which the leaves first expanded. Figs. 1-5 show 
these various stages; the last two figures (4 and 5) show the approxi¬ 
mate stage at which the operations were performed in the experiments 
described in the present paper. 


The Preliminary Experiments. 

Only brief mention will be made of these experiments, which were 
carried out in 1921, as their object was more to master a new technique than 
to elucidate problems. A few facts of interest were, however, established 
and are perhaps worth recording. 

It was found that the two first leaves of the same plant, even when 
initially of different areas, increase in area at approximately the same daily 
percentage rate; the ratio that the area of the one bore to that of the other 
remained approximately constant, even when their actual areas had increased 
nearly tenfold. Again, in the case of plants of the same age and the same 
stage in development, it was found that the daily percentage rate of 
iiicreasc in the aiea of the first leaves was much the same in every plant, 
provided, they were subjected to identical external conditions. In other 
words, the material was found to be fairly uniform, and the ‘ scatter \ due 
to variations in the internal regulative conditions in individual plants, 
sufficiently small to allow the ^mean’ obtained from a few plants to be 
■regarded: as significant." 

In the spring of a systematic study of growth in the dwarf 
kidney bean was begun, ■ and of the series of 'experiments 'carried , out that 
year, two form the subject of the present paper f further experiments 
in that series willbe'';;described:;:inpaper.'■■;:■'Thelwriter':'hopes^'''to; 
continue this systematic'study'■andtp.extend its scope.' 
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Experiment I. 

Effect of removal of one first leaf upon rate of growth of the other. 

Object. This experiment was made to find out if compensative growth 
takes place in one first leaf when the other is removed at an early stage in 
development. 

Treatment of the plants. One of the two first leaves was removed 
from each of a number of plants the day those leaves expanded, whilst, in 
control plants of the same age and the same stage in development, both 
first leaves were left intact. The cotyledons were left Intact on all the 
plants, but the apical buds were removed from all of them the day the first 
leaves expanded, and all axillary buds likewise removed as soon as they 
showed ; the object of this was to reduce the number of centres of potential 
leaf increase. As the first leaves did not expand on the same day in all the 
plants, three series were constituted and begun on successive days; some 
of the plants in each series were deprived of one first leaf, the others were 
kept as controls. Prints were made from every intact leaf every day 
for over a fortnight, the first prints being made in each case just before the 
operations were performed. The finished prints were planimetered and the 
daily areas of the leaves thus found. 

History. Eighty seeds of between o-6 and 0*7 grm. each were sown on 
the 7th February in tubes, as described above, and a number of the young 
plants showed above ground and were transplanted into pots on the 13th of 
the same month ; on the 15th some more showed above ground and were 
similarly transplanted. Of the plants transplanted on the 13th the first 
leaves expanded as follows: in one plant on the 14th, in seven on the 15th, 
and in eight on the i6th; wEilst the first leaves of eight of the plants trans¬ 
planted on the 15th expanded on the 17th. Series I was composed of eight 
plants whose leaves expanded, one on the 14th and seven on the 15th; 
Series II, of the eight plants whose leaves expanded on the 16th ; Series III, 
of the eight whose leaves expanded on the 17th. Half the plants in each 
series had the apical bud and one first leaf removed ; the other plants in 
each series were the controls, i. e. had the apical bud removed but both 
first leaves left intact. These operations were performed in Series I on the 
15th, in Series II on the i6th, and in Series III on the 17th. Thus there 
were , three series of plants begun on successive dates, 15th, idth, and 17th 
of February, each series consisting of two batches of four plants; the plants 
of one batch in each series had one leaf cot off and one intact, those of the 
other had both intact Owing to casualties/ however, the figures for the 

^ In the batch with two leaves ia Series I, the plaat whose leaves had expanded on the 14th-— 
The day before the operation*—grew'at a, mtich slower rate than the other, plants in„,tiie same batch 
whose leaves had expanded on the r5th; as this difference was probably due to the plant being at 

. ' ■ f' ' 
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leaves of some plants could not be included when calculating the mean rates 
of increase in area. The final number of plants, from which these means 
were obtained, was as follows: Series I, two plants with both leaves intact 



Graph A. 

and four with one removed ; Series II and III, each three plants with two 
leaves and three with one. 

Analysis of Results of Experiment L 

■ , There are three numerical methods by means of which the result of the 
'experiment might be presented. ■ The first method consists in giving' the 
actual areas of the leaves on the. successive d^ys of the experiment, as in' 
Table !, where the'-mean area is given for each of the six batches separately, 
together' with, the mean for all the" plants with one, leaf, and that, foi" all the 

a sligTitly more advanced stage in development than the others at the time of operation, the figures 
for this plant were exclttded when calculating the mean. From another plant in the same hatch one 
leaf,was, accidentally ,hrokeE:off'the day after the operation., ThedeaVes 'of .'two plants,'in'.Series.'tl 
became badiy folded and damaged, whilst the cotyledons were accide'ntally broken off from two pl'a.nts 
in Serie'S'IIL.' . : 
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plants with two ; these latter values are plotted on Graph A. This method 
has the advantage of simplicity, but it does not reveal graphically the true 
nature of the results. The second method of presenting the results is that 
of actual daily increments in area; these are also given on Graph A. This 
method has an obvious disqualification, when leaves of widely different area 
have to be compared, unless it could be shown that the amount of actual 
' growing substance ’ remained constant, irrespective of the increase in the 
area of the leaf; but this is not known to be the case, and, on the face of it, 

Table L 
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The figures for Series I, 11, and III, in the case of plants with, both leaves left intact, are 
those for the two leaves taken together, i. e. the total leaf area of the plants. The ‘o’ or zero day 
of the experiment was the 15th of February in the case of Series I, the i6th of February in. Series II, 
and the 17th in Series IlL 


seems improbable. The third method is that of presenting the daily per¬ 
centage rate of increase in area. This is not quite the same thing as the 
relative leaf growth rate of West, Briggs, and Kidd ( 10 ), since the latter 
is the percentage rate at which the total leaf area of the plant increases. 
The individual leaves, whose areas will be included in the total leaf area of 
the plant,'will vary from week to week, even if the successive measurements 
are made on the same plant; for new leaves will unfold from time to time 
and old leaves may wither away. Under the particular conditions of the 
present experiment,, the total leaf 'area of the plants'was, in point'of, fact, 
always made' up of the areas of the same individual leaves, since the iinfold- 

■ F 2 
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iiig of new leaves was prevented by the removal of all developing buds ; 
but even in this special case it would be manifestly improper to regard this 
Increase in the area of individual leaves as something of the same nature as 
the increase in total leaf area in a plant under normal conditions. As in 
the case of the relative growth rate and relative leaf growth rate of the 
above-mentioned authors, the daily percentage increments in area may be 
calculated at compound or at simple interest; but these authors (Briggs, 
Kidd, and West ( 3 )) have pointed out that the more complicated compound 


Table 11. 
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interest ^does not achieve accuracy, as it rests on the assumption that 
the rate remains constant during the week' (during the day in our case), 
' an assumption manifestly incorrect, since the rate varies from week to week. 
Both methods are purely conventional and only approximate to accuracy, 
and nothing definite is gained by adopting the more complicated procedure/ 
The daily; percentage increments in area have therefore been worked out at 


, where is the area 


A, — A jR. 

simple interest by means of the formula '—^——^ — 

^ ^ Aj xoo 

at the begining of the period of twenty-four hours, , 4 g the area at the end of 

.'thC'period, and i?'is. the percentage increment' in area. The original data/ 

of mean.daily percentage increments in, area, obtained'from the six batches'' 

of plants,''are . given''.'in;'Table.. II in order, to .giveeach plant ^ 'in Ahe; 

batch"'the; same 'fweightV in the mean, irrespective'' of'the:,'slight .initial' 
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differences in the size of their leaves, these mean values were calculated by 
dividing the sum of the percentage increments of all the plants in the batch 
by the number of plants in the batch and not direct from the sum of their 
actual daily areas. The mean percentage increments in area during each of 
the successive periods of twenty-four hours after ^the operation, for all the 
plants with one leaf and for all those with two, are likewise given in Table II, 
and are plotted on Graph A; on this graph, therefore, the original data are 
presented in all three different ways. 

If the three sets of curves plotted on Graph A be examined, certain 
facts will become apparent. In the first case, the curves for the plants 
deprived of one leaf are in each case higher during the whole, or nearly the 
whole period, than those for the control plants with both leaves left intact; 
thus the two curves of actual areas diverge, until at the end of fifteen days 
the mean area of the single leaf is 68-20 in the case where only one is left 
Intact, and is only 49-06 where both are left intact; thus the former has 
attained an area about 40 per cent, larger than that attained by the latter. 
In other words, considerable compensative growth has taken place, but 
not sufficient to make up for the loss of the leaf removed. Turning to the 
curves of actual increments in area, it will be observed that the curve for the 
plants with only one leaf is consistently higher, during the whole period, than 
that for the control plants with both leaves left intact. The same holds 
good, during the greater part of the period, in the case of the curves of per¬ 
centage increments in area, but in the case of these latter curves the three 
series did not yield quite consistent results, as the figures in Table II show; 
on the first da}^ after the operation, the leaves of the plants where only one 
was left intact grew faster than those of the controls in all three series, and 
in the case of Series I and III this higher rate of growth was maintained 
for over a week, but in Series II, on the other hand, the rate of growth in 
the plants with only one leaf intact fell on the second day to about the 
same or a little lower than that of the controls* 

In the second place, it will be noticed that the curves of actual and of 
percentage increments in area show very marked irregularities. A discussion 
of the general form of the curves is therefore deferred, till after an attempt 
• has been made to discover the causes and to reduce the magnitude of these 
irregularities. 

The Internal and External or Daily Environmental Factors in Growth. 

When the cm*ves of daily percentage increments in area were plotted for 
each of the six batches of plants separately, they all showed the same 
general trend which seemed, to be; correlated with the ■ age ■ of the leaf, but 
this general trend' was, largely .masked' by considerable fluctuations . which' 
were correlated with the date,. 'For example, there was. a, marked negative 
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fluctuation on the 19/uotli Febmaiy in all six curves, though the period 
since the expansion of the leaves and the operation was different in each 
series on that date. It ■will be useful to analyse the causes of these fliictua“ 
tions with a view to devising' a method by means of which, they may be at 
least partially eliminated. .The percentage rate of growth in area may, 
a priori^ be expected to be influenced by a number of different factors, some 
of an internal nature correlated with the age and stage in development of 
the organ or plant, others of an external nature, like light and temperature, 
which may be expected to vary with the hour and the date. F. F. Blackman 
(1) has pointed out that ‘ When a process is conditioned as to its rapidity 
by a number of separate factors, the rate of the process is limited by the 
pace of the slowest ” factor \ This fundamental concept introduces 
valuable simplicity into the study of the influence of many factors upon the 
rapidity of various processes; for within the range of intensities during 
which a factor is limiting such a process, the rate of this process will be 
dependent upon one variable alone—the intensity of the limiting factor— 
and the relation of the rapidity of the process to the intensity of the factor 
can therefore be calculated. In the present instance, however, the problem 
is more complicated. The ideal expression of the rate of growth would be 
in terms of the amount of actual growing substance present. As this is 
unknown it has been necessary to express the rate of growth in terms of 
a known quantity—the units of area. If the amount of growing substance 
per unit area were known to i*emain constant no difficulty would be intro¬ 
duced, but sSuch a simple relation between growing substance and leaf area 
is, on the face of it, very improbable. The observed rate of increase in area 
will be, therefore, the resultant of two independent variables—the rate at 
which the ratio of growing substance to area varies, and the rate at which 
the area is being increased per unit growing substance ; until more is known 
about these constituent processes, it will be impossible to apportion between 
them a change in the rate of growth. Both the relative amount of growing 
substance and the rate of increase in area per unit of that substance may be 
expected to be conditioned by a number of separate factors, some internal 
and correlated with the age of the organ or plant, and some external and 
correlated with the date. The most that can be attempted at the present 
state of knowledge is to make some sort of separation between the relative 
effects of these two groups of factors. Both the internal factors and the 
external daily factors are important subjects for study, but, as they are 
independent variables, to study one it is necessary to know to what extent 
the observed change in the rate of growth from one day to the next is due 
to the othei# This has long been recognized, and the difficulty has usually 
been met .in one of two .ways'; these will be described' in the next section* 
As neither method is applicable to the interpretation of the present dataj 
a third method will have to, be employed. This latter type of method does' 
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not seem to have been suggested before—at least, I have been unable to 
find a reference to such a method in the literature. It will, therefore, be 
described in full. 

hornier Methods of estimating the Relative Influences of Internal and 
External or Daily Factors upon the Rate of Growth, 

The relative influences of the internal factor and the daily factor upon 
growth are usually estimated in one of two ways : either the external condi¬ 
tions are kept as constant as possible, or else a record is kept of their 
fluctuations by means of self-recording instruments. The principle under¬ 
lying the first method consists in keeping one of the two variables constant 
'in order that the observed daily changes in the rate of growth may be due 
to the influence of the other alone. It will be convenient to call such a curve 
of growth, in which the fluctuations due to the daily factor have been 
eliminated, an ‘ ideal ’ curve of growth; a curve of this type should reveal 
the progressive changes in the organ^s potentiality for growth, during the 
successive phases of its development. Having obtained such an ideal 
curve, it is possible to get some insight into the effect of different intensities 
of the various external factors upon the rate of growth at different stages in 
development, by varying the intensity of each factor in turn whilst main¬ 
taining the other conditions constant. The deviation of the value of the 
observed rate of growth from the corresponding value in the ideal rate of 
growth already obtained should be a measure of the effect of the change in 
the external agency. This method is very valuable and has been much 
used by plant physiologists ; it has, however, some serious limitations. In 
the first place, it is very difficult in practice to keep external conditions 
constant; in many cases it is quite impossible to do so, as, for instance, in 
the case where the experiment has to be done on a large scale in a field. 
Moreover, even the form of the ideal curve may depend upon the relative 
intensities at which certain external conditions are kept constant ; for 
instance, if the relative intensities of light and temperature are such that 
light is limiting the rate of growth, the form of the ideal curve may be 
different from what it would be if temperature were limiting growth. This 
point is strikingly demonsti'ated by Gregory (8) in some of his experiments 
on Cueumis \ the form of the curve of growth he obtained, when light was 
the limiting factor, was quite different to that which he obtained when light 
was not limiting. Not only the form, but the steepness of the ideal cm've 
may; be different • in different cases y. for example, at a relatively high tem¬ 
perature the successive stages in development, and their correlated rates of 
vgrowth, may be passed through in a shorter period of time than at a lower 
■^■.teinperature.-The,; form ■of.the- curve wilh depend, upon,,.which', .external, 
agency is limiting the rate of growth, its steepness upon, the intensity of this 
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limiting factor ; in presenting a curve as an ideal curve of growth^ therefore, 
it is always necessary to specify the special conditions under which it was 
obtained^ The most important ideal curve of growth is that which ■ would 
occur in nature if the influence of the daily factor remained constant at its 
mean for the whole period of the experiment. As the mean daily factor 
will vary with the season, it is obvious that this natural ideal curve must do 
so too. 

The second method, that of growing plants under natural conditions 
and keeping a record of the fluctuations in environmental conditions, has 
been employed with success by Briggs, Kidd, and West in some unpublished 
work on growth in Heliantkus, This method, too, has its limitations; as 
the observed rate of growth is the outcome of the combined influence of two 
variables, the internal and the daily factors, it is necessary to know the 
magnitude of the influence of the one in order to estimate that of the other. 
If the form of the ideal curve for the mean daily factor is known, it will be 
possible to correlate the fluctuations from the daily expected values of the 
rate of growth with recorded intensities of various external agencies. But 
if it is the form of this ideal curve that is sought, then some previous know¬ 
ledge must be possessed as to the magnitude of the deviations to be expected 
at each of the recorded intensities of the external agencies. It is impossible 
to obtain an insight into the influence of both factors at the same time from 
the same set of data by the use of this method. 

In the case of the present experiment neither method is applicable; for 
external conditions were not maintained constant, and no records were kept 
of their daily fluctuations. Owing to the fact, however, that there were 
three identical series of plants starting on successive days, there seemed to 
be some hope that it might be possible to devise a method, based upon 
a new principle, by means of which the daily fluctuations due to the daily 
factor might be estimated and eliminated, so as to reveal the ideal curve of 
growth corresponding to the mean daily factor of the period of the experi¬ 
ment. Three such methods were worked out; they will be described in 
detail in the Appendix. A brief explanation of the principle upon which 
they were based, a sketch of their nature, and some remarks on their 
relative reliability will form the subject of the next section. 


Rew ■Method of estimating and eliminating Influence of Daily Factor, 

It will simplify the explanation of the principle underlying the methods 
now to be: described, if certain words are used in a , rather special sense and 
certain V symbols adopted. The twenty-four , hour periods between the 
making'of successive prints 'from . the same leaf were mot exact'calendar 
",dates,„:biit,,were ,po,rtion,s:of two'such dates; /for the 'sake of brevity:,each,mf" 
these periods will be called by the date upon which it ended. For example, 
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in Series I the first prints were made between 10 a.m. and noon on the 
I5tli February, and the second prints between the same hours on the i6th; 
this period will be referred to as that of the i6th. In the second place, the 
successive periods of twenty-four hours after the operation will be referred 
to as ® days of the experiment ^; as the operation was performed on 
a different day in each series, these successive days of the experiment will 
likewise correspond to different dates in the three cases. Thus, using the 
dates as defined above, the first ‘ day of the experiment' will correspond 
with the dates i6th, 17th, and i8th February in Series I, II, and III respec¬ 
tively. It has been pointed out that the magnitude of each observed rate 
of growth wdll be the outcome of the influences of two independent 
variables, the internal factor and the daily factor, and by definition the 
internal factor will be correlated with the age of the organ, and hence 
with the ^ day of the experiment \ whilst the daily factor will be correlated 
with the date. The successive values of the growth magnitude that would 
have been obtained had the daily factor remained constant at its mean 
for the whole period of the experiment have been termed the ‘ ideal values ^; 
the ideal values for the successive days of the experiment will clearly be 
the outcome of the influence of one variable, the internal factor (correlated 
with the ®day’), and a constant, the mean daily factor. It will be con¬ 
venient to denote the values of the daily factor on the seventeen successive 
dates of the experiment (i6th February to 4th March) by the symbols 
AjAjA) « • ‘A?’ denote the mean of these seventeen values of the 

daily factor by the symbol P. In the same way the ^deaF values of the 
rates of growth on the successive ‘ days of the experiment ’ will be denoted 
by the symbols y,2^ , , , By definition these F'deaF values are those 

that would have been obtained had the daily factor remained constant at 
the value P. The observed rate of growth on each ' day ^ w^ill be the 
function of these two variables. Thus those for the first ‘ day' may be written 
/Oi)>/{A); /(a)./(A); and /(a)./(A)> in the case of Series I, II,'and 
HI respectively; those for the second ' day' may be written fiy.^), f{p2) 5 
/(A) 5 /(a)?/(a)* comparing the three observed values 

for the first ^ daythe internal factor becomes a constant, i. e. it is ; the 
differences between the three values will therefore be due to the differences 
in the values of the daily factor (A alone; it should be possible therefore 
to calculate the relative value of A> - A* Similarly, from the three' 
observed values for the second ‘day’ it should be possible to find the 
relative magnitudes of A2> A? and Ai 3.nd from the three values for the third 
‘ day ^ the relative magnitudes of /g, A, and A* and so on for all values of 
In order to discover the actual values of A,/s* is to say, the actual 

deviations of the daily factors from their mean ‘ P it will be necessary to 
know the value of ‘ P V and to know which of the two following possibilities 
holds true.: ' The observed value-'of the growth magnitude may be the-sum.' 
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of the two variables and ^p \ or it may be their product. In the first 
case the observed values for the first' day ’ will be y-^ + +^3 5 

in the second case they will be yip^^ dh these 

two possibilities holds trucj if, that is to say, the influence of the daily factor 
is ' additive ’ and independent of the value of then by definition y^ + P = yj 
and, hence, P = o ; if, on the other hand, the second possibility holds true, 
then by definition y^ P = y^ and P — i. As there is no a priori reason for 
deciding which of the two possibilities is true, three methods were worked 
out, two based on the assumption that the observed value of the rate of 
growth may be written yp^ and one on the assumption that it may be 
written y yp. It is obvious that in the latter case the daily factor is the 
number that must be subtracted from or added to the observed rate of 
growth in order to obtain the ‘ ideal ’ rate of growth, whilst in the former 
case it is the number by which the observed rate must be divided; i. e. in 
the one case in the other CB.se y x p/p ~y. A full description 

of the methods will be given in the Appendix, and only brief mention of 
them made here. Instead of calculating the successive values of the daily 
factor from all the plants in each series, advantage was taken of the fact 
that there were two batches of plants in each series, one with two leaves 
and the other with one, and the daily factors were worked out independently 
from these two sets of data. Theoretically, the two values thus found for 
the daily factor on each date should be identical, and a measure of the 
accuracy of the method was thus provided by the degree to which these 
two values approximated to one another. When ' correcting ’ the observed 
values of the rate of growth on a date by the daily factor for that date, in 
order to obtain the ‘ ideal ’ value for the rate of growth, the mean between 
these two values of the daily factor was used, as it is likely to be more 
correct than either taken singly, being based on a larger number of observa- 
tions. The observed values for the rate of growth on each date were 
corrected' by the daily factor for that date in each of the six batches of 
plants separately, and the mean ' ideal' values of the rate of growth on each 
' day of the experiment' worked out from the three batches of plants with 
one leaf, and from the three batches of plants with two leaves. 

The additive method, i. e. that based upon the assumption that the 
observed rates of growth may be written y-bpi gave very unconvincing 
results; not only were the two values for the daily factor on each date 
divergent/but the ^ ideal ^ curves of growth obtained by applying the mean 
daily factors to the ‘ correction' of the observed rates were more irregular 
and less convincing than the original uncorrected curves; this method was 
therefore abandoned. Of the two methods based on the assumption that 
the, observed rates of growth may ,be written j/, one" is, algebraic' in nature 
and is founded ',:upon certain'.suggestions made tO 'me".by, ,Mr. 'U,d,hy ,,Yul.e,' 
the other consists in'a form" of successive smoothing. ■ „The twd'values found 
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for ’ on each date from the plants with one leaf and those with two 
respectively by the algebraic method are plotted on Graph B; it will be 



Graph B. Comparison of tlie two values of the daily factor for each date found from plants 
with, one leaf and with two leaves respectively by the algebraic method. 



Graph C. Comparison of the two values of the daily factor for each date found from plants 
with one leaf and with two leaves respectively by the successive smoothing method, 

observ^ed that they are widely divergent* The corresponding pairs .of , valnes^ 
of found 'by The:"successive,,,s£noothmg method are giveiiTa 'Table., 
together with,the'mean values, and are plotted on,Graph G.;'.on the whole,' 
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the two values on each date agree very welL The mean values of the daily 
factor (/) are plotted on Graph D, where they are compared with the 
corresponding mean values found by the algebraic method ; it is of interest 
to note that there is again a fair general agreement. In order to find out 
how many times in succession the smoothing process must be applied in 
order to obtain the ‘ ideal ’ values with reasonable accuracy, a logarithmic 
curve was distorted by means of a number of arbitrary errors in a manner 
similar to that assumed to have taken place in the ' ideal ^ curve through the 
agency of the daily factor, and the distorted curve was ' corrected' by the 
method ; after the fourth successive smoothing it was found to have regained 
approximately its original form; four repetitions of the smoothing process 
were, therefore, considered sufficient when correcting the original experi¬ 
mental data« 


Table IIL 


Values of Daily Factor andof'' IdeaV Rates of Grozvih found by the 
Successive Smoothing Method. 


Date on which 
2^-hour 

Daily Factor. 

From Plants From Plants 

Day of 
Experi¬ 

Fenod ended. 

with 2 LeaVi , 

*.9. with I Leaf 

ment. 

Feb. 




j6 

I. 1910 

1.2930 1.2420 

I 

17 

1.3440 

1*5730 1*4585 

2 

18 

0-S980 

0.9099 0.90345 

3 

19 

0.9822 

0*9383 0-96025 

4 

30 

0-5060 

0.5504 0*5282 

5 

21 

0.8123 

0.8097 0.8110 

6 

22 

0.84S0 

0*8616 0.8548 

7 

33 

I-I'330 

I-1600 ^-14^5 

8 

■ 24 

I.2710 

1.4630 1*3665 

9 

35 

1.0420 

1.0420 1*0420 

10 

26 

0.9419 

0.9740 0.95795 

11 

37 

0.3370 

0.3942 0.3656 

12 

38 

1.0400 

1-0350 1.0375 

L8 

'. March 



' ' I 

1.6030 

1.2980 1-4505 

14 

3 

0.6200 

0.4620 0.5410 


■■ ''3 ' 

1-1300 

1-9779 1-05395 

16 

, 4 , 

.'■1.2940, 

1.2570 1.2755 

— 


Mean Curves of Growik 
after ‘ Correction ’ by 
Mean Daily Factor, 


Plants ivith 

Plants with 

2 Leaves. 

1 Leaf. 

46.89 

S 6'33 

40.07 

44.69 

34*99 

40.07 

31.07 

33.02 

20.3S 

24.45 

16.79 

19.65 

13*37 

16.29 

ri.22 

11.49 

9'3<5 

11.32 

7.64 

10.35 

6..,9 

6.86 

4-54 

7*35 

5 - 4 ° 

4*66 

3-88 


3-70 

3*7^ 

2-02 

2.98 


,, Tn addition .to"the‘ ideal f values of the daily percentage increments in 
area which are given in Table III and are plotted on Graph E, the successive 
GdeaP values. of ' the' ‘actual areas'were calculated. This was;done as 
follows.',the beginning of the'first day''of the 
" experiment the'percentage increment in area during that'period-,, clearly 
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Graph I). Comparison of the two mean values of the daily factor found for each date by 
the algebraic and the successive smoothing methods respectively. 
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Graph E. 
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+ = ^o, or the area at the end of the first twenty-four hours,, 

that is to say. A,, — Aj 
Similarly, 




.+)■ 

100 / 


As the initial mean areas of the leaves in the plants with one leaf and the 
control plants were slightly* different, being 5-56 and 5-83 sq. cm. respec¬ 
tively, the mean for all the leaves, 5-65 sq. cm., was taken as the initial value 
and the successive ^ ideal' areas calculated. For example, at the end of the 
first day the ®ideal' value in the case of the plants with one leaf was 

5-65 -f f^hat is, 5-65 X 1-4689 or 8-301 sq. cm.; whilst in the case of 

the control plants it was 5-65 -f or 8-831 sq. cm. These TdeaF 

areas will not be tabulated, but the ^ ideal' actual increments found from 
them are plotted on Graph F, where they are compared with the corre¬ 
sponding original values in the uncorrected data. 


Discussion of Experiment I 
Mag 7 iitude of the Fhictuations due to the Daily Factor. 

The successive values of the daily factor, found by the successive 
smoothing method, have been given in Table III and in Graph E. It is 
important to remember that these values do not represent the absolute 
magnitudes of the daily influences of external agencies upon the rate of 
growth; they merely represent the daily deviations of the daily factor from 
a constant, its mean value for the period of the experiment. Similarly, the 
ideal values for the rate of growth, given in Table III and Graph E, are 
those specific for this particular mean value of the daily factor ; they repre¬ 
sent the quotient of the * fundamental' ideal values divided by this mean 
daily factor, where the ^fundamental' ideal values are those that would 
have been obtained had no external agency been limiting the rate of growth 
either'directly or. indhectly.' If. the mean'daily factor had been different, 
"the ideal 'values would have been different also. It would only be possible 
to define, an'ideal, curve''as 'fundamental.’ and determined solely by internal 
■factors correlated''with the age the. organ, if it were'known that the 
intensities of alTthe . external:; agencies were such that none of them, were '^ 
limiting'the rate of, growth either directly or indirectly; tbc' values' of' the,'"' 
'.growth .magnitudes ;in:;sU'.ch' a '/case-would be, determined entirely''.by' .some.", 
internal,'limiting"'.''It . is , 'Obvious, that/under such circumstances' the ' 
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observed growth magnitudes would show no fluctuations correlated with 
the date; they would themselves constitute the fundamental ideal curve. 
The fact that there are marked fluctuations in the case of the data under 
consideration, and that these fluctuations are correlated with the date, is 
strong evidence that some external agency (or agencies) was limiting the 
rate of growth. As the fundamental ideal curve is not known, in this 
instance, the ' absolute' value of the daily factor is unknown also ; further¬ 
more, the daily deviations of the daily factor from the mean dail};' factor 
cannot be correlated with daily fluctuations in the intensity of any particular 
external agency, as no record was kept of the fluctuations of these agencies ; 
the method could be applied to such a purpose, however, if such records 
were kept. All that can be extracted from the calculated values of the 
daily factor is some idea as to the magnitudes to be expected in the daily 
deviations of the daily factor from the mean daily factor during a period of 
seventeen days. These are very considerable indeed, and show that little 
reliance can, with safety, be placed in the significance of a series of growth 
magnitudes on successive dates, unless the relative values of the daily factor 
on those dates can be calculated and allowed for. The values of the daily 
factor in the present instance, i. e. the numbers by which the observed 
growth magnitudes must be divided to obtain the ideal values specific for 
the mean daily factor, range from 1*4585 (on 17th February) to 0*3656 (on 
S7th February). 

Form of the Curves, 

The curves of mean actual areas on successive days have already been 
given in Graph A; both in the case of the plants wdth one leaf and in that 
of those with two the curves are approximately of the well-known 
S form. Robertson ( 9 ), commenting upon the prevalence of this type 
of curve, suggests that ‘ any particular cycle of growth obeys the formula 

log. — /j), where ,ris the amount (in weight or volume) of growth 

that has been attained at time K, A is the total amount of growth attained 
during the cycle, k is a constant, and is the time at which gi'owth is half 
completed and points out that ‘ the above relations are such as would be 
expected to hold good were growth the expression of an autocatalytic 
chemical reaction Gregory (8) has shown that ‘ the curves of increase in 
area and in linear dimensions for a single leaf’ {oi Cticuviis sativus) ‘ in day¬ 
light are of S form, and can be fairly represented by the formula of an 
autocatalytic reaction in which the material catalysed gradually decreases 
t in amount as the reaction proceeds 

In Table IV the observed mean areas of the leaf on successive days are 
compared with ‘ ideal ’ values calculated by means of Robertson’s formula. 
Four columns of calculated ideal values are given, based on values oiA,k, and 
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derived as average values from the different trial selection of four days 
set out at the heads, of the respective columns. The calculated values of 
the first column fit the corresponding observed values very badly, those of 
the other columns fit fairly well, except on the earlier days of the experi¬ 
ment. On Graph G the values in the first and third columns are plotted 
and compared with the curve of observed daily areas in the case of plants 



Graph F, 


with both leaves left intact. It is of interest to note that in Gregory’s data 
(8, Table IV, p. loo) there is a similar discrepancy between the earlier por¬ 
tions of the observed and calculated curves of growth. This discrepancy 
would be accounted for if it could be shown that there are two independent 
and overlapping cycles of growth involved, and, as will be pointed out later, 
there is'evidence forthisln'the ease.of the data of the present'experiment ;, 
hut., aS';W .Briggs; point out,: it seems doubtful if 'there is,'any' 

fundamental significance in the' resemblance. These authors'(H)) ‘ agree 
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with Enriques ^ (7)P that the similarity between an autocatalytic reaction 
^ and growth is a purely superficial one, the falling oif in rate per unit dry 
weight being due rather to increasing differentiation into productive and 
non-productive tissues h Curves of nearest fit based on Robertson’s formula 
were also worked out from the smoothed ‘ ideal ’ values of the daily areas; 



as the same general relations were found to hold in that ■ case , also, the 
details need not be entered into further. 

■ The curves of observed actual increments, in area and the corresponding 
curves of ^ idealor smoothed increments have been given on Graph F; the 
former show marked, fluctuations which have not been completely eliminated' 
in the' latter. ' .Both sets of curves, however, seem to belong to the, same 
„iigeneral „type, that' known as'’'Sachs’s Grand' Period curve of,growth;''there 
,is 'aii'initial'.'rise to a'maximum followed by a decline ; the.,'position of this 
' m'aximii'm,'however,ds'earlier''in; the'.soioothed than in' the:, observed cu’rves'. 
The'■'■.magnitude of the'.increment, in-area of a'leaf during, each period will 

o ■ 
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presumably be dependent upon two factors—the amount of growing substance 
or ^ productive capital ’ present, and the rate at which the leaf increases In 
area per unit of this substance ; these two factors may be^ and probably are, 
independent variables* The rise of the curves to a maximum during the 
first few days of the experiment, i. e. after the expansion of the first leaves^ 
indicates that either the amount of growing substance or the rate of increase 
in area per unit of this substance, or both, at first increases ; the decline in 
the curves during the later days indicates that one or both of these factors 
subsequently decreases. The data does not permit further analysis. 


Table IV. 

Observed Areas of Leaves compared with Values calculated from the 

r 

Formula for an Autocatalytic Reaction. f .- = 

A — X ' 


Plants with Both Leaves left intact. 


Day 

OP 

served 

Areas. 

Values Ci 

alculaied from Areas on — 

of 

Expt. ■ 

Days 0, 
4, II, 

Days 2, 
6, II, 

Days 

8, II,' 

Days 6 , 
10, II, 



ami 15. 

and 15, 

and 15. 

and 15. 

0 

5*5^ 

4.19 

7.76 

8*25 

8.25 

I 

8 -o 4 

5-98 

9-81 

10.50 

10.25 

2 

12.27 

8.45 

12*28 

13.72 

12.73 

3 

15*50 

n.66 

15.11 

15*50 

15*47 

4 

19*^75 

15-63 

iS*33 

18.62 

18*56 

B 

22*06 

20.26 

21.85 

22.00 

22*00 

5 # 

25*4 

25-43 

35*55 

25-57 

25-57 

7 

29*39 

3 °- 3 S 

29.52 

29*18 

29.30 

8 

33*435 

.35-10 

52.99 

32*73 

32-74 

9 

37-04 

39.21 

36.45 

36.06 

.36-13 

lo 

39-iS 

42.48 

39*^0 

59.15 

39.22 

II 

4T'-325 

45.12 

42.37 

41.S9 

41-98 

12 

43-39 

47.06 

44.72 

44.25 

44-36 

L 3 

45.51 

48-43 

46*67 

46.25 

46.46 

14 

47.42 

49-39 

48.31 

47*89 

48.05 

L 5 

49-06 

50*06 

49.60 

49.25 

49*47 


A 

53*99 

53-99 

54*25 

54*45 


k 

0*175 

0.121 

0.116 

0*116 


h 

CO 

0 

A 

7.4007 

7 - 43.32 

7-4574 


'Plants with One Leaf cut off. 


Values calculatedfrom Areas on — 


OP 

served 

Days 0, 

Days 3, 

Days 4, 

Days 6 


4, II, 

6, II, 

8, 4 1, 

10, 11, 


and 15. 

and 15. 

and 15. 

and 15, 

5-83 

4*01 

8.72 

9-64 

9.42 

9*68 

6*01 

11.29 

12.24 

12.05 

14*37 

8.SS 

14-48 

15 - 4.3 

15.30 

18.93 

12-84 

is-28 

19.16 

18.95 

23.80 

18.08 

23.71 

' 23.44 

35.28 

27.88 

35.12 

37.67 

28.19 

28*08 

32*93 

3^*93 

3.3-07 

3 . 3*23 

35.26 

38-67 

39-67 

38*65 

58.60 

33*49 

43-93 

46.54 

44 -W 

42.62 

43*91 

49-43 

53.42 

49-39 

48.87 

4S.94 

53 - 5 ° 

58*62 

54.16 

6 , 3*47 

53*58 

.36-57 

62.53 

58.52 

57-59 

57.69 

60.05 

6.3-73 

61.84 

61*15 

61-20 

63.90 

67-33 

64-76 

64.13 

64.16 

65.87 

6S.Ss 

67.11 

66.59 

66.58 

68.20 

69.5S 

68.96 

68-58 

68-47 

A 

7T.29 

74.92, 

75 * 6 ^ 

75-08 

k 

0-189 

0-1296 0-122 

0-124 

4 

7-4799 

7-7893 7 - 84°5 

, 7.803. 


The curves of observed percentage increments in area have been given 
on Graph A, the corresponding curves corrected for the daily factor by the 
successive smoothing method on Graph E, where they are compared with the 
logarithmic curve of nearest fit. Both sets of curves start at their highest point 
and descend in a somewhat logarithmic manner, but in the curves of observed 
values there are considerable fluctuations and an indication of a secondary 
maximum on about the sixth day after the expansion of the leaves. In' 
the smoothed airves these fluctuations have been reduced and the secondary 
maximum has vanished ; the latter was probably due, therefore, to a chance 
occurrence of days especially favourable for growth. As it will be shown 
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that these curves of percentage increments in area are really of a compound 

nature, at any rate in their earlier portions, their apparently logarithmic 
form is probably not of much significance, except perhaps in their later 
portions. 

Ejfect of removing One of the Two First Leaves the Day they expand* 

It has already been pointed out that, where one first leaf was cut off the 
day those organs expanded, the remaining leaf grew during the next fifteen 
days to a mean area about 40 per cent. larger than that attained by a single 
leaf where both leaves were left intact. Compensating growth took place, 
in other words, but not sufficient to make up for the loss of the leaf removed. 

The actual increments in area were consistently higher in the case of 
plants with one leaf removed than in those with both left intact; as the initial 
amount of growing substance present at the time when the operation was 
performed was presumably the same in each case, this higher rate of growth 
must have been due on the first day to the rate of increase in area per unit 
growing substance being greater in the case of plants with only one leaf. 
The higher rate on the later days may have been due to the same cause, or it 
may on the other hand have been due to there being a larger amount of 
growing substance present after the first day’s growth, or both causes may 
have co-operated to bring about the result. 

The curves of percentage increments in area, corrected for the daily 
factor, have been given on Graph F ; for over a week the curve for plants with 
one leaf is consistently higher than that for those with two leaves, and, on the 
whole, it is a little higher during the later days of the experiment too. This 
higher rate of increase in area may have been due to the presence of 
a larger amount of growing substance, or to a higher rate of increase in area 
per unit growing substance, or to both; on the first day of the experiment 
it was presumably due to the latter of the two factors. 

Interpretation of Results of Experiment L 

The rate of increase in area was relatively more rapid when one leaf 
was removed than when both were left intact; it remains to formulate some 
hypothesis that will account for this compensative growth. It seems clear 
that the rate of increase in area, where both leaves were left intact, must 
have been limited by some factor whose intensity was altered by the 
removal of one leaf. To have conditioned compensative growth, therefore^ 
a factor must fulfil two qualifications: it must be of a character lively to 
^ limit the rate of growth and liable to be altered in intensity by the removal 
of one leaf. There are two alternative agencies that seem to fulfil these 
qualifications: one is the water relationship, the other the supply of food. 
regards, the former, the' water relationship depends'on the balance between 

G a . 
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tliC' amount of moisture absorbed by the roots and the amount lost through 
transpiration by the shoot; as the leaves are the main transpiring organs of 
the plant, removal of one, when there are only two, will reduce the transpir¬ 
ing surface by something approaching one-half, whilst the water-absorbing 
system will remain unchanged. The remaining leaf will be more favourably 
placed as regards its water-supply than the two leaves where both are left 
intact. In the latter case relative lack of water might occasion partial 
closure of the stomata, with a consequent reduction in gaseous exchange 
and in the rate of photosynthesis ; a lower turgor, moreover, might occasion 
a slower extension of the cells. The claims of the water relationship, there¬ 
fore, must not be neglected when considering the conditions correlated with 
compensative growth* The alternative agency mentioned above was the 
supply of available food. If the leaves were dependent entirely upon their 
own photosynthetic activity for the food required for growth, it would be 
hard to discover a reason why the removal of one of these organs should 
increase the supply at the disposal of the survivor ; in fact, the reverse might 
be expected to occur. For the removal of the leaf would deprive the plant 
of but one of many centres of potential growth, whilst its loss would halve 
the photosynthetic sources of supply. The reduction in the supply would be 
relatively greater than the reduction in the demand for food ; hence the rate 
of translocation of food material from the leaf would probably be increased, 
with a resulting reduction in the concentration of those substances within that 
organ. But it seems certain that the leaf, when young, has other sources 
for its food material besides that produced by its own photosynthetic 
activity; during the period before it expands this must obviously be the 
case. The food withdrawn by the leaf from the general fund of the plant 
must be greater at this period than that contributed by the leaf to that fund. 
It is uncertain for how long after the expansion of the leaves this state of 
affairs is maintained, but it is clear that the removal of a leaf at this stage in 
development would reduce the consumption of food more than it reduced 
the immediate food supply; the remaining leaf would be placed in more 
favourable circumstances as regards its supply of food material, and might 
have its rate of growth increased—provided, of course, the amount of this 
material was the factor limiting the rapidity of that process. 

From the isolated data of the present experiment it would not be 
possible to decide which of these alternative hypotheses contains the greater 
inherent probability.' , ■ ■ 

The experiment to be described next provides strong evidence that, for 
several days after they expand, the leaves derive much of their food from the 
reserves Stored in the cotyledons. This points to the second of the alterna¬ 
tive hypotheses being the more probable. The most rational interpretation 
of Experiment;F;may,thereforeBe'stated as.'follows, 

days after the .expansion of: the' .first,leaves thC: stipply of 
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available food is limiting the rapidity of their increase in area; a considerable 
portion of this supply of food is derived from the reserves stored in the 
cotyledons. When^, therefore, one of these leaves is removed the day it 
expands, the remaining leaf has at its disposal a supply of food from this 
source which, when both leaves are left intact, has to be divided between 
the two ; the rate of growth of this surviving leaf is consequently more rapid 
than that of a leaf where both are left intact 


Experiment IL 

Effect of removal of cotyledo 7 is tipon rate of groivth of first leaves. 

Object. Experiment I showed that considerable compensative growth 
takes place in one first leaf if the other is removed the day those organs 
expand* This implies that the rate of growth of those organs is limited by 
some factor, and that the intensity of this factor is altered by the removal 
of one leaf. It has been pointed out that there are two alternative agencies, 
the water relationship and the supply of available food, either of which 
might be limiting growth and altered in intensity by the removal of one 
leaf. The aim of Experiment II was to explore further the relative 
probabilities of these alternative hypotheses. For this purpose it was 
necessary to devise a method of treatment that would alter the intensity of 
one of the factors and leave that of the other unchanged. The removal of 
the cotyledons the day the first leaves expanded seemed to be a mode 
of treatment that fulfilled these requirements; it is hard to see how the 
removal of those organs could greatly alter the water relationship in the 
plant, and in so far as it altered it at all, it might be expected to decrease 
transpiration rather than to increase it; it is easy, on the other hand, to see 
how the removal of those organs with their reserves of food might decrease 
the amount of food available for growth. If, therefore, a decrease in the 
rate of growth of the leaf resulted from the removal of the cotyledons, the 
Inference would be that the leaf is deriving much of the food it requires for 
growth from the reserves stored in those organs, and of the two alternative 
interpretations of the results of Experiment I that postulating a change in 
the amount of available food would be the more probable. If, however, no 
change in the rate of growth resulted, then the compensative growth was 
probably due to a change in the water relationship rather than to a change 
in the amount of available food. 

Treatment of plants. The apical bud, one first leaf, and both coty¬ 
ledons were removed from a number of plants the day their first leaves 
expanded, whilst from control plants of the same age and the same stage 
of development the apical bud and one first leaf were removedv but the 
cotyledons left .intact' To' show .■■the influence of the removal 'of'the 
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cotyledons at a slightly later stage of development, these organs were 
removed from some of these control plants two, days after the expansion of 
the first leaves. From another batch of plants of the same age, whose 
leaves expanded a day later, the apical bud and one first leaf were removed 
on that da^T-j and the cotyledons removed from some of these plants six days 
later. 

History. Eighty seeds of between 0-7 and o-8 grm. in weight were 
sown in tin tubes, as before, on jzist April, and a number of young plants 
were transplanted into pots when they showed above ground. The first 
leaves of one plant expanded on the April, those of another eighteen 
plants on the 30th. On the latter date the apical bud and one first leaf 
were removed from each of these nineteen plants and the cotyledons from 
six of them ; two days later the cotyledons were cut off another six of these 
plants. Prints were made from the remaining leaf of each plant every day 
for a week. The first leaves of another fourteen plants expanded on 
1st May, and these plants were constituted into a second series. The 
apical bud and one first leaf were removed on that date, but the cotyledons 
were at first left intact; six days later the cotyledons were removed from 
five of these plants. Prints from every leaf were made each day as before, 
the last prints being made the day after the removal of the cotyledons. 

Again there were some casualties,^ and the number of plants that 
survived in the case of the respective batches was as follows: Series I, 
plants from which the cotyledons were removed the day the first leaves 
expanded, six plants; those from which the cotyledons were removed two 
days later, five plants; those whose cotyledons were left intact the whole 
period, five plants; Series II, plants whose cotyledons were removed on the 
7th May, three plants ; those whose cotyledons were not removed, nine 
plants. 


Results of Experiment IL 

In presenting the results of this experiment only the mean percentage 
increments will be given; these will be found in Table V and are plotted on 
Graphs, li, and J, As there were no identical series started on successive 
days, it is not possible in the case of the present data to estimate the 
magnitudes of the fluctuations due to the daily factor, or to calculate the 
ideal curves of growth specific for the mean daily factor. This, however, is 

^ The plant whose leaves expanded on the 29th April—the day before the operation—grew 
siow^er than those similarly treated whose leaves, expanded on the 30th, and another plant in 
Series I had only a very small damaged leaf which at first grew much slower than those of the other 
plants; as these plants were not strictly comparable to the rest, the figures for their growth were 
excluded when working out the mean rates of growth. One of the plants whose cotyledons were 
removed on 2nd May,, became damaged'Oa that'day; and. died on, the,.3rd,:, whilst the prints'■taken;., 
from the leaves of two plants whose cotyledons were removed on, they'th May stuck,, to'the Tefretype 
plate and could not be used. , 
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ot little importance in the present instance ; whether the cotyledons were 
removed on the same day as the first leaf and the apical'biidj or on the 
second or the sixth day after the removal of those organs, the mean rate of 
growth of the surviving leaf on each date is compared with that which, 
occurred on the same date in the case of control plants of the same age 
and in the same stage of development whose cotyledons were left intact* 



Graph H. 


Hence in the case of each individual comparison between a pair of observed 
growth magnitudes, the periods of time concerned were contemporary and 
identical—the , daily factor:must have been , the same, iii' the case of each 
,member of the' pain' , Where the nates of growth' ,were 'difFerent:,''in.:the 'two,' 
,m'embers,'of:'Such this ' difference' cannot have beem 

duC'to ,a difference in the intensity ’of some external factor ; where the rates 
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of growth were the samCj however, in both members of the pair^ there is 
a possibility which must not be overlooked that this value of the growth 
magnitude may have been due to the rate of growth being limited at that 
level ill each case by the intensity of some external agency. 



1 2 3 4 5 6 T 8 9 10 11 12 13 

Days of the Experiment 

Graph J. 


H and J are .examined, it will, be noticed .that, 
removal of the cotyledons on the day the first. leaves expanded'' resulted' 
a marked decrease in the rate at which the leaf increased in area. The 
growth magnitude on the first day was only', about 40. per, cent., whilst that. 
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in the case of the controls with cotyledons intact was as much as 71 per 
cent. The growth magnitudes for the second period of twenty-foiir hours 
were 52 and 67 per cent, respectively in the case of the plants without 
cotyledons and those with cotyledons ; the corresponding values for the rate 
of growth during the third period of twenty-four hours were ^^9 and 38 per 
cent, respectively ; during the fourth and subsequent periods of twenty-foui 
hours the rates of growth were approximately the same in both batches of 
plants. When the cotyledons were removed on the second day after the 
expansion of the leaves^ there was no appreciable change in the relative rate 
of growth. The result of removing the cotyledons on the sixth day after 
the expansion of the leaves was unfortunately obscured by the fact that the 
mean rate of growth of the small number of plants so treated happened to 
be already considerably lower than that of the corresponding controlSj but 
there seems to have been no very appreciable further drop in the rate of 
growth. 


Table V. 

Daily percentage Dicrements in Area of Surviving First Leaf. 


Series /. 


Apical Bud and One First Leaf cut off 
on ^oth April, 


Fate. 

Fay of 
Expt. 

Cots left 
on Whole 

Cots cut 

off VOtJl 

Cots ctit 
off 2nd 


Period. 

April. 

May, 

May 




74*50 

1 

I 

71.40 

40-35 

2 

2 

67.30 

53*83 

70-00 

3 

3 

3S.28 

29.50 

37-90 

4 

4 

24-20 

23-90 

32.90 

5 

■ 5 

26.20 

27.00 

25.50 

6 

6 

20-75 

23-00 

20*40 

7 

— 

— 

— 

— 

8 

— 

— 

— 

— 


Series II. 

Apical Bud and One First Leaf 
cut off on 1 st May, 

Cots left Cots cut 

f ou Whole off 1th 
Expt. Period. Mzy. 


I 



70-06 

54*S3 

43.2a 

44-2 2 

3S.00 

31.44 


72.00 

48.70 

38.20 

40.80 

33 - 7 ^ 

32.30 

26.00 


Discussion of the Results of Experiment IL 


Before drawing conclusions from the results of this experimentj some 
decision must be reached as to the degree of significance that may with 
safety be placed in the data, for there is the possibility that the differences 
in the rates of 'growth of the leaf in the case of the batches of plants 
subjected to different types of treatment may have been due to chance 
variations in the specific make-up of the plants concerned, rather than the 
result^of a response to the respective treatments. ' In the first , place, it will 
be noticed'that the growth 'magnitudes UO' the successive "days of the', 
,„ e'xper'iment '’''w,ere: wery 'different ,in''the 'two, batches of control plants, though, 
both batches: had received the same treatment; for example, that on/thc' 
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sixth day after the operation was per cent, in the case of the 

control plants in Series I, whilst it was as high as 35-73 in the case of the 
control plants of Series IL • This discrepancy, however, does not militate 
against the significance of the data, since the differences in this case were 
probably due to fluctuations in the daily factor; for the ‘ successive days of 
the experiment’ correspond to different calendar dates in the two series^ 
Of more serious importance are the considerable differences in the rates, of 
growth on each date to be noted in the two batches of plants constituting 
Series II, for both these batches received the same treatment until the sixth 
cla^r and both were of the same age and were operated upon on the same 
date. Examination of these differences, however, reveals the fact that they 
were fairly uniform ; except on the first day after the operation, the rate of 
growth in the case of the batch of three plants was always about seven- 
eighths that of the control batch of nine plants; the form of the curve of 
growth, moreover, was much the same in both batches. When the rate of 
growth in the plants whose cotyledons were removed on the day the first 
leaves expanded are compared with corresponding rates that took place in 
the controls, not only are the differences on the first three days found to be 
far greater than those in the case of Series II, but the actual forms of the 
curves are widely dissimilar during their earlier portions. The magnitude 
and the nature of these differences seem too marked to be due merely to 
chance, and it is significant that the curves are so similar in their later 
portions. The close consistency of the curve for plants whose cotyledons 
were cut off on the second day of the experiment to that of the control 
plants in the same series is a further argument in favopr of placing con¬ 
siderable confidence in the significance of the results. The sources of 
possible error, however, are fairly considerable, and it will be safer to regard 
the results as more or less qualitative rather than strictly quantitative. 

It has been pointed out that removal of the cotyledons would be more 
likely to reduce the supply of available food than the intensity of any other 
agency liable to limit the' rate, of growth. Removal of 'those organs resulted 
in a considerable reduction in the rate of growth of the leaf. It seems safe to 
conclude, that the'leaf draws a'considerable portion of the food it requires 
tor.growth 'from the,, reserves ' stored, in the cotyledons. Removal of those 
'o'Tgans ■before^ these re^r are exhausted deprives the leaf of this source of 
supply, and relative lack of food material limits the rate of growth to 
a lower' Ievei.' Tn: the' case where the cotyledons were "removed the day ' the" 
leaves expanded, the difference between the relative rates of growth in the 
plants without and those with cotyledons was greatest on the first day after 
the expansion of the leaves, and became progressively less until on the 
fouith day the two rates were about the same. This suggests that the 
amount of food derived by the leaf from the cotyledons likewise pro¬ 
gressively decreases until it becomes on the fourth'.day negligible In'amoun 
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A considerable amount of growth took place, however, even when the 
cotyledons were removed; this amounted to an increment of about 
40 per cent, on the first day, one of about 53 per cent, on the second day, 
and one of about 30 per cent, on the third day. Part of this growth may 
have been at the expense of food that had already left the cotyledons before 
those organs were removed, but a later experiment—which will be described 
in another paper—has shown that this would not be likely to account for 
an increment of more than 10-17 per cent, on the first day or for one of 
more than 4 or 5 per cent, on the second and third days; the remaining 
portions of these increments were therefore presumably effected at the 
expense of food derived from the leaves’ own photosynthetic activity. It is 
interesting to note that the rate of growth at the expense of food from this 
source was greater on the second day after the expansion of the leaves than 
on the first day; this suggests that the maximum rate of photosynthesis was 
not attained until the second day. Too much significance must not be 
attached to this observation, however, for this rise in the rate of growth is 
of an order that might be brought about by a chance occurrence of a day 
especially favourable for growth. In a later experiment—which will be 
described in a subsequent paper—a similar rise was observed in the case of 
plants similarly treated, and in this case the influence of the daily factor was 
at least partially eradicated by the successive smoothing method; con¬ 
sequently this rise in the rate of growth may be of real significance. It is 
intei'esting to remember that Briggs (2), working on this same species of 
plant, has shown that there is a rise in the rate of photosynthesis at about 
this stage in development The subsequent fall in the rate of growth 
might possibly be due to a decrease in the amount of food derived from 
photosynthesis, but this would not be in accord with the modern knowledge 
of this process which points to its rate remaining relatively stable for 
a considerable time after it has attained its maximum; a different ihterpre- 
tation seems more probable. It has been pointed out that the observed 
growth magnitudes will be the outcome of the joint influence of two 
independent variables, the amount of growing substance per unit area and 
the rate at which the area is increased per unit growing substance. The 
subsequent decrease in the rate of growth may have been due to a decrease 
in the amount of growing substance per unit area. *It might be said that 
the rise in the rate of growth on the second day of the experiment may 
have been due to a relative increase in the amount of this growing substance, 
but if that were the case a rise in the rate of growth on that day should 
have occurred in the case of the control plants also. Although the effect of 
removing the cotyledons on the day the leaves expanded was still consider¬ 
able on the third day after expansion, removal of those organs on the 
second''day ''had'no-appreciable offect.^ ^ These two facts■;do-.not "seem to be" 
'in-accord perhaps; there , is.va lag’ between' the movement'■ ofTliemeseiw^ 
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food from the cotyledons and its absorption in the process of growth. The 
food necessary for the full rate of growth on the third day may have already 
left the cotyledons before those organs were removed on the second day. 
It is not surprising that the removal of the cotyledons on the sixth clay 
after the expansion of the leaves had no appreciable effect on the rate of 
growth ; the reserves of food stored in those organs may be expectecl to have 
been exhausted by that day. 

General Conclusions. 

It will be profitable to review the results of the two experiments taken 
together and to show how the interpretations suggested in the two cases 
connect together as a consistent whole. If the rapidity of one of the 
processes governing the rate of increase in area—the rapidity, that is, of 
either the rate of increase of the amount of growing substance per unit area 
or of the rate of growth per unit growing substance—is limited at first by 
the supply of available food, and if, for several days after their expansion, 
the leaves derive a considerable portion of their supply of food from the 
reserves stored in the cotyledons, then it would necessarily follow that the 
removal of one first leaf at this stage would result in an increase in the rate 
of growth of the other—provided, of course, that the cotyledons were left 
intact. For the surviving leaf would have at its disposal a supply of food 
from this source, which, when both leaves were left intact, would have to be 
divided between the two. If, however, the cotyledons were cut off also 
whilst they were still functioning as sources of food for growth, then the leaf 
would be deprived of the food from this source and its rate of growth would 
be limited at a lower level. Removal of the cotyledons at a later stage in 
development, when they had ceased to function as a source of food for 
growth, would have no effect on the rate of growth of the leaf. 


Summary. 

I. A photographic method is described for recording the daily 
increments in area of a leaf without detaching it from the plant; the 
■sources uf error in the. method are discussed, and it, is shown that they are 

not likely to amount to more than I per cent 

A description is given of the application of the method in a series 
of experiments which form the beginning of a systematic study of growth 
in the dwarf kidney \>^m iPhaseolus milgari^^^^ The results of the first two 
experiments in this series, are given and discussed in full;"the remaining 
experiments will form the,, subject, of another .paper.:/. ,', ' ' 

3. When the apical bud and one first leaf were, removedeach,, ,,of 
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a number of plants the day those leaves expanded, the rate of growth of 
the remaining ^ leaf was for over a week considerably faster than that of 
a single leaf in the case of control plants whose leaves had both been left 
intact 

4* When the apical bud and one first leaf were removed as before, and 
from some of the plants the cotyledons were likewise cut off at the same 
time, the rate of growth of the remaining leaf in the plants without coty¬ 
ledons was for three days considerably lower than that in the case of the 
plants with cotyledons; after the third day, however, the two rates of 
growth were about the same. Removal of the cotyledons on the second or 
sixth day after the expansion of the first leaves had no appreciable effect on 
the rate of growth of the surviving leaf. 

5. It is suggested that the most rational interpretation of these results 
would be as follows : for some days after the expansion of the first leaves, 
the supply of food at their disposal is limiting the rate of growth, and 
a considerable but decreasing portion of this supply is derived from the 
reserves stored in the cotyledons. Early removal of one leaf, when the 
cotyledons are left intact, places at the disposal of the surviving leaf a supply 
of food from that source which, when both leaves are left intact, has to be 
divided between the two. The rate of growth of this leaf is consequently 
increased. Early removal of the cotyledons, on the other hand, deprives 
the leaf of a portion of its supply of food, and results in a reduction in the 
rate of growth during the period when the leaf normally draws food from 
that source. Later removal of the cotyledons is without effect on the rate 
of growth of the leaf because by that time the reserves of food in those 
organs have been exhausted. 

6. In connexion with the first of these two experiments, the problem of 
growth in general is discussed, and some new methods based upon a new 
principle are elaborated for eliminating from a series of observed growth 
magnitudes the daily fluctuations due to variations in external environ¬ 
mental conditions. 

7. The form of the curve obtained by plotting actual area against time 
is discussed in connexion with Robertson’s ( 9 ) theory and Gregory’s (8) 
results; though the curve was of the S form and resembled that calculated 
by the formula (for an autocatalytic chemical reaction) suggested by 
Robertson as the fundamental curve of organic growth, the author supports 
Briggs, Kidd, and West in their view that this resemblance is merely super¬ 
ficial and of no fundamental importance. 

8. The form of the curve of percentage increments in area is shown to 
be approximately of a descending logarithmic type, but it is pointed out 
that, asdo' its' earlier portion this curve can be shown to be of ,a compound 
■nature,,the' apparently logarithmic' form,, in this portion at any rate,,',is 
'probably'of little'signifiGance. 
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APPENDIX. 

Methods of estimating and eliminating the Influence of the 

Daily e:nvironaiental Factor. 

General. 

By daily factor is meant the deviation of the observed growth 
magnitude on a date from the ‘ ideal ’ value that would have been 
obtained on that date had environmental conditions remained constant 
at their mean for the whole period of the experiment The object of 
the methods described in this Appendix is to estimate the magnitude 
of this daily factor on the successive days of the experiment in order 
that its influence may be eliminated and the ' ideal ’ values of the rate 
of growth ascertained. Three methods will be described; all are based 
upon the same principle, that of starting several (in this case three) 
identical series of plants on successive dates. The dates on which the 
successive periods of twenty-four hours after starting Series I ended will 
be denoted by the symbols &c., and their respective daily factor 

AjAjAj MdeaE rate of growth for the first period of twenty- 

four hours after starting a series will be called that for the second period 
and so on; these will obviously fall on different dates in the different 
series. For example, j/j will fall on I?j in Series I, on in Series II, and 
on Z^g in Series III. The observed growth magnitude on 1 )^^ in Series I will 
be a function of and of/j , that on in Series II a function, of and of 
that on Z?^ in Series III a function ofy^ and of ; this provides a means 
for estimating the relative magnitudes of /g, and ^3. In the same way 
the relative magnitudes of As A ^3*7 be found by comparing the 
observed growth magnitudes in Series I, II, and III on the dates /X, 
and At 1‘^spectively. In this way the relative magnitudes of all the succes¬ 
sive values of the daily factor p can be calculated, but to know their 
actual values it is necessary to know the mean value of the daily factor (P). 
The proper expression of the daily factor might be proportional to the 
ideal value for the rate of growth, or it might be independent and 
additive to it; in the first case the daily factor will be that number by 
which the observed growth magnitude on a date must be divided to 
obtain the ^ ideal’ values for that date, in the second place it will be 
the number which must be subtracted from the observed magnitudes to 
obtam the ideal magnitudes. For example, if the daily factor / is pro- 
portiGiial to the Ideal value y the observed growth magnitudes for the 
first day will be JxA; A/2> AA in 11 , and III respectively ; 

if the daily factor is ^ independent and additive they will be a "bA» 
A + A- and'A,,+A case,,ifP'is''the:mean'.''v^^^^ 

of the daily factor, y, x P ^ y^ by definition, therefore P i; in 
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second case, + P = j/^ and P = o.* Two of the methods described, 
are based on the assumption that the daily factor is proportional and 
one on the assumption that it is additive. Of the former, one con¬ 
sists in a process of ^successive smoothing’, and will be referred to by 
that name ; the other is—and will be called—the ‘ algebraic ’ method. 
The method based on the assumption, that the daily factor is additive 
will be termed the ‘ additive ’ method. 

The Sticcessive Smoothing Method. 

As has already been mentioned^ this method was tested by being 
applied to the correction of a series of values in a logarithmic curve that 
had been distorted by means of a series of arbitrary errors in the form 
of varying daily factors. The explanation of the method will be illus¬ 
trated by means of portions of the tables compiled when making that 
test, but, for the sake of economy of space, only portions of the tables 
will be given. The values in the logarithmic curve were distorted in 
the manner shown in Table A. 


Table A. 

Distortion of a Logarithmic C 7 wve by means of a Series of Arbitrary 
Errors in the Form of Varying Daily Factors. 


'A 

B 

Series /. 

C D 

Scries II. 

E F 

Series fLI. 

G H 


A rbiirmy 

Log. 

Curve, 

Log. Curve 

Log. 

Curve. 

Log. Curi>e 

I 

Log. Curve 

Date, 

Daily 

after 

after 

•'-‘S' 

Curve. 

after 


Factor, 

Distortion. 

Distortion. 

Distortion .. 

B, 

IMO 

50-0 

55-0 

— 


. - 

— 

Bjj 

r*o7 

40* X 

43-0 

50-0 

33‘5 

— 

— 

D. 

0*75 

32*1 

24*0 

40-1 

30*0 

50*0 

37-5 

D4 

0'95 

25*7 

24-4 

32*1 

3 C -5 

40-1 

38-0 

D5 

1-05 

20-6 

21*6 

257 

27-0 

1 33 'i 

33 ’<> 

Do 

1-25 

i i 6'4 

20-5 

20*6 

25*8 

I 257 

32-2 


The arbitrary daily factors for the dates in column A are given in 
column B ; these represent the numbers by which the ‘ observed' values 
on those dates must be divided to obtain the ‘ ideal’ values. These 
‘ ideal ’ values are represented by the logarithmic curve which is begun 
on successive dates in columns C, E, and G. The numbers in columns 
D, F,and H represent the observed values; they were obtained by multiply¬ 
ing the ‘ ideaF values on each date by the daily factor for that date. The 
problem to be solved is as follows : given the observed growth magnitudes 
in columns D, F, and H, find the daily factors, i. e. the values in column 
B, and 'calculate,, the" ' ideal' values, that is to say, those:in vcolumns 
'and G.' 
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As a first step, the mean of the three ' observed ’ grom^th magnitudes 
for each day of the experiment was obtained as shown In Table B; as the 
first day corresponded with the dates 5 Series I, II, and 

III respectively, the values for those series on those dates were placed in the 
same line'and the mean taken. 


Table B. 


Calculation of Jlfean Observed Growth Magnitude for each Day 

of Experiment, 


Day of 
Experiment , 

Se 7 "ies /. 

Series //, j 

Se 7 ’ies III . 

Sum , 

Mean . 

I 


53‘5 

37-5 

146-0 

48-3 

2 ' 

43‘0 

30*0 

38-0 

111-0 

37-0 

3 

24-0 

30-5 

33*6 

8 S-I 

397 

4 1 

24.4 1 

27*0 

32.2 

85-6 

27-9 


A first approximation was then made towards the values of the daily 
factor in the manner shown in Table C. In column A are placed the dates 
Dp D., &c., and in column B the three 'observed^ growth magnitudes 
for the first day of the experiment, each opposite its respective date. 
Opposite these three values, in column C, their mean value is put, and 
in column D are placed the numbers obtained by dividing the ' observed ’ 
value on each date by the mean value. These numbers are the devia¬ 
tions of the three * observed’ values from their mean value. In the same 
way the three 'observed’ growth magnitudes for the second day of the 
experiment are placed in column E, opposite the dates D3, and D4., 

Table C. 


Caktdation of ^ Firsf Daily Factor, 


A 

B 

c 

D 

E 

F 

G 

H 

J 

K 

I. 

Date, 

Oh- 

serued 

Value, 

Mean 

Value- 

Ob- 

se7^}ed 4 " 
Mean. 

Ob^ 

served 

Value. 

Mean 

Value. 

Ob- 

seized -r 
Mean, 

Ob¬ 

served 

Value, 

Mean 

Value. 

Ob¬ 
served “T* 
Mean . 

First 
, Daily 
"Fmdor, 

''Di 

55 **^ ' 

48-3 

1-138 

— 

— 


■' — 

— 


1-1380 

D., 

'.■ 5 ' 3 * 5 ' 

48-3 

10075 

43*0 

37*0 

1-162 




103475 

Ds 

37 * 5 ' ■ 

48-3 

0 * 755 , 

30*0 

37-0 

o-8io 

24-0 

29*7 

0-8425 

0*8025 


24*4 

27-9 

0-875 

38-0 

37*0 

1-027 

30*5 

3 '' 9-7 

1*027' 

0-9763 

"''B5 

27,«*0 

27-9 

0*968 

31-6 

22-0 

0-982 

SS'S 

29-7 

1-132 

1 - 0373 , 

Dg ; ■ 

' ■•32-2,'' 

27-9 

J-I 55 

35-8 

22*0 

10725 

20-5 

i6-8 

1-220 

1-1825 

their 

mean 

value 

in column F, 

and 

their deviations 

: fro,m that 

mean in 


column Gf'.. ;, The'corresponding values'for the'third'day of, experi¬ 
ment are similarly placed in columns 'H, Jyand'KV'opposite'" the dates 
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and As there were only three series, there is room for the 
values for the fourth day to be placed in columns B,'C, and-D, and those 
for the fifth day in columns E,. F, and G, and so on for the values for 
each day of the experiment The mean of the deviations of the ^ observed ' 
growth magnitudes from the mean values on each date was worked out 
from the values in columns D, G, and K, and is entered in column L; these 
mean values are the first approximations to the true dally magnitudes 
of the daily factor, and will be called the first daily factors. The ^ ob¬ 
served ’ growth magnitudes on each date were then ' corrected' by division 
by the first daily factor for that date, as shown in Table D. 

Table D. 

Correction of ^ Observed ’ Growth Magnitudes by First 
Daily Factors, 

Series /. Series IL Series III, 

Observed New Observed New Observed New 

Value, Value, Value, Value, Value, Value. 

Dx I 1*1380 j 55*0 48*25 — _ — 


Do 

I-I 3475 

43-0 

3775 

53*5 

47.0 

— 



0*8025 

24*0 

30*0 

30*0 

37*5 

37-5 

4^*75 


0*9760 

24*4 

25*0 

30*5 

31*25 

38-0 

39*00 


The mean of these three ‘new values’ for each day of the experi¬ 
ment is the first approximation to the true ‘ideal’ value of the growth 
magnitude for that day; it will be referred to as the first ideal value. 
The mean of the deviations of these ‘ new values ’ on a date from their 
mean values was found in the same manner as the first daily factor 
was found in Table C ; the product of this mean and of the first daily 
factor for the same date is the second and theoretically closer approxima¬ 
tion to the true value of the daily factor. The first daily factor on each 
date may, therefore, be regarded as the first term in the expression of the 
true daily factor for that date, and the second mean deviation the second 
term ; their product trill be called the second daily factor. The ‘ new values ’ 
in Table D were corrected by the values of the second term of the daily 
factor in the sarrie way as the ‘ observed ’ values were by the first daily factor 
in Table D ; this is obviously equivalent to correcting the ‘ observed ’ growth 
magnitudes by the values of the second daily factor, and the mean of the 
three resulting values of the growth magnitude for each day is the second 
ideal value for that day. By a third and fourth repetition of this smoothing 
process, the third and fourth terms of the daily factor and the third and 
:iburth '''ideal;^ growth ■ 'magnitudes were/.found.^/: These fourth 

.ideal'valueS'^were;'found;■ tO:. have' .regained- approximately" the--values -of 

."■■''■■■' ' H', ' . 
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the true ideal curve represented by'the undistorted numbers in columiis 
■Cj E, and G in Table A. The distorted values, representing observed 
growth magnitudes, and the corresponding first, second, third, and fourth 
ideal values found by the four successive processes of smoothing are 
tabulated in Table E, where they are compared with the original undistoited 
values which represent the ideal values that were sought* ^ ■ In Graph J 
the undistorted logarithmic curve'is compared with the mean' curve of 
uncorrected distorted values and with the fourth ideal values. As the fourth 
ideal values were approximately those of the ■ original logarithmic curve, 
four siiccessii^e repetitions of the process of smoothing were considered 
sufficient when applying the process to the correction of the actual ex-» 
perimental data. Moreover, there is another useful check upon the 
accuracy of the method ; if the smoothing process is performed N times, 
the product of the first, second, third, ... Nth terms will be the Nth 
daily factor, and this will theoretically be a closer approximation than 
the (N—-1)^ daily factor to the true value of the daily factor. 
When, however, the value of the Nth term becomes ‘ 1 ’ for all dates, the 
Nth daily factor will be the same as the (N —l)th daily factor, and no 
closer approximation to the true value of the daily factor is possible. 
The standard deviation, therefore, of the values of the Nth term of 
the daily factor on the successive days from their mean G ’ is a measure 
of the degree to which this nearest possible approximation has been 
attained. This check was made use of when applying the method to 
the correction mf the original data of Experiment I; the standard 
deviations of the first, second, third, and fourth terms of the daily factor 
in the case of plants with two leaves were found to be 1*033, o«2663, 
0-1184 respectively. When testing this successive smooth¬ 
ing method by application to the distorted logarithmic curve, all the calcu¬ 
lations were done by means of a slide-rule; but when applying it to the 
correction of the experimental data^ for the sake of greater accuracy, all the 
calciilations were done by logarithms. 

As pointed out above, the nearest approximation made to the true 
value of the daily factor on a date will be the product of the first, second, 
third, and fourth terms of the daily factor for that date ; this fourth daily 
factor is more easily calculated, however, by dividing the observed growth 
magnitudes on that date by the corresponding fourth ideal values. The 
two values of the daily factor on each date, found from plants with two 
leaves and from those with one respectively, have already been given In 
Table jy,'together with their mean values;' they are repeated in Table F, 
where they are compared with the corresponding values for this factor 
foiiiid by the algebraic and the additive methods. The ‘ ideaF or smoothed 
■" values, of the growth;magnitudes have also, been already given in Table III,' 
:■:,:'and^.t^^ are repeated'and compared' in Table'G with-the corresponding 
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^ ideal' values found by the other two methods. The two values found for 
the daily factor on, each date by the successive smoothing method agree 
far more closely than the corresponding pairs of values found by either of 
the other two methods ; the successive smoothing method was therefore 
adopted as the most satisfactory of the three. 


Table E. 


Test of Successive Smoothing Method. Values after Distortion and after 
the Successive Corrections for the Daily Factor compared with Original 
Values. 



Values 

Values 

Values 

Values 

Values 

Griginal 

Vahtes 

{True Ideal). 

JOajy of 

after 

after ist 

after 27id 

after S'/^t 

after 4 th 

Bxft . 

Distortion 

{ pbso ' ved '). 

Correctmi 
{ist Ideal). 

Correction 
{ 2 nd Ideal). 

Correction 
{jyrd Ideal). 

Correction 
(4//^ Ideal). 

I 

48-s 

47-3 

47*57 

47*95 

48*33 

50-0 

2 

37*0 

38U 

38-70 

38-92 

39.03 

40*1 

3 

29-7 

31-7 

37*78 

31-67 

31*57 

32-1 

4 

27-9 

26-15 

25*50 

25-15 

25-07 

25*7 

5 

22*0 

20-8 

20-21 

19*91 

19*78 

20*6 

6 

i6*8 

15.75 

15*54 

15*47 

15*48 

i6-4 

7 

10*7 

11-7 

12-02 

13-19 

12*34 

13-2 

s 

S*S 

9*3 

9-64 

9-87 

io-o6 

ro-6 

9 

7*4 

7.7 

7-89 

8-04 

8-09 

8*5 

10 

6-6 

6-6 

6*64 

6-69 

6-68 

6-8 

II 

6u 

5*8 

5*73 

5*69 

5-62 

. 5*5 

12 

5-0 

4*9 

4'8t 

4-76 

4-68 

4*4 

L3 

4*1 

4*05 

3*95 

3*88 

3-82 

3*5 


The Algebraic Method. 

Mr. Uclny Yule has pointed out to me that it should be possible to 
calculate the * daily factor' in a simple algebraic manner. If/i/j, j/2, &c., 

are the ^ ideal' values of the growth magnitudes on the successive days of 
the experiment, and p.^, p^, Sic.y the values of the daily factor on the 
successive dates &c., and the observed growth magnitudes on 

each date are the products of the ideal values y and the daily factor p 
for that date, it is obvious that the observed growth magnitudes may be 
written thus: 


DaU. 

Daily 

Factor, 

ObseiDcd Growth Mag-Jiihtdes., 

Series /. Series II. 

'Series III. 


A 

yiPi 

' 

■ .Da , 

A 

J'sA JiA 

— 


Pz 

&c. 

A A AA 

See. 

PiPz 


' From these known observed growth,magnitudes it is easy to'express 

' 

:the successive values^3, &c., in’ terms of p^; thus = 

■ : ri 

hence ^ ^ J 

HZ .. 
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is the mean daily factor for the period of the experiment^ then 
by definition j.j_ x P. = and P = i. From this it follows that: 


A +A +A + A + • ‘ — N, 

where N is the number of the days of the experiment. Hence 

As the values of A^ B, Q &c.j and of N are known quantities^ the values 
of Aj/a? A> be calculated from this equation. 

As there were three series of plants, there were two values of A C, 8ic,^ 

‘ 'p > 

i. e. “-^5 and J''2A/>'2A2 = ^ mean value' was 


taken, i. e. 


j’Tps/y'ip-i+j'sprfo.A _ ^ 

2 , 


The daily factor for each date was calculated separately from plants 
with two leaves and from those with one: These two values for each date 
are given in Table F, together with their mean values. The observed 
growth magnitudes on each date were then corrected by the mean daily 
factor for that date in each of the six batches of plants, and the mean 
‘ ideal’ growth magnitude for each day of the experiment found for plants 
with two leaves and for those with one respectively. These values are given 
in Table G. 


Table F. 

Comparison of the Relative Magiiitudes fmmd for the Daily Factor 

by Three Methods, 


DaUn 


Feb. 

i6 

■.n 

iS 

'19,: 
,,■ 20 ' 
21, ' " 
,2,2' '■, 

2'3 

' 24 '■ 

' 26 

, 27 ' 

Mar* 

I 

■-■'2.' ■■ 

4 


Successim Smoothinsi 
Mei/iod, 


Plants 

Plants 


witk 

7\m 

with 

One 

Mean. 

Leaves. 

Leaf. 


UICJIO 

1*2930 

,1.2420 

1.3440 

^■'-5730 ' 


0.8980 

0.9099 

0.90345 

0*9822 

0.93S3 

0.96025 

0.5060 

■0.5504' 

0.5282 

o*8'I,25' 

0*8097 

0 . 8 x 10 

0*8480 

0.8616 

0.8548 

'1.1330 

1.1600 

X.I465 

'I.2710 

'','i'-462,6 


■'■1.0420 ,' 

"I •0420 

1.0420 

0*9419' 

0.9740 

0^95795 

■■'■'0*3370, 

,,0.-3942 

0.3656 

1.0400 

i.o^ 35 o 

X.0375 

1.6030" 

■1.2980 

^'.4505''' 

0.6200 

.,■ 0.4620 

■o^.54,io^,. 

',,'i'.i3oo:’ 

'■■o-97',79^' 

i-° 5 .W 5 

,' ,12940 

i.2'5^7o 

,113755, 


Atgehraic Method. 


Additive Method. 


Plants 

Plants 


Plants 

Plants 



%mth 

Two 

with 

One 

Mean. 

with 

T7V0 

2inlh 

One 

A/ean. 

Leaves. 

Leaf. 


Leaves. 

Leaf 



0.705S 

1.4S90 

1.0970 

+10*89 

+ 2,7.13 

+ i 

19.01 

0.7912 

1*6360 

X.2136 

+ 18.09 

+ 34.23 

+ : 

26.x6 

0.5564 

x*oi6o 

0.7862 

— 0*4 r 

+ 0.98 

+ 

0.285 

0*6328 

1.0010 

0-8x69 

+ 1-74 

+ 0-355 

+ 

1.0475 

0-3354 

0-5373 

0-43635 

-15.26 

-15.87 

—: 

^5-5^55 

0-5334 

0.79S0 

0.6757 

- 7-835 

— 8*22 


8*03 7 " 5 ^ 

0*6039 

0.8656 

0-73475 

- 7-'25 

- 6-77 


6 - 9475 ' 

0.8690 

1-1950 

1.0320 

— 1.60 

- 0-945 

— 

1.2725 

i.o8io 

1.5700 

5-3255 

■+ 1-75 

+ 3-755 

+ 

2.7,525 

0.9725 

1.0450 

1-00875 

+ ,0.25 ' 

- 1-750 


0.750 

0.9183 

0.9456 

0*93195 

- 0.775 

- 3-95 

— 

"2.3625 

0*3590 

0-2862 

0.3226 

„■-.■ 4-700 

■— , 9.00 


'6.85 

1.2960 

0-8513 

,,1.07365 

, 0*173 ■ 

- 4-45 

— 

2.3125 

2.1840 

r.2340 

1.7090 

+ 0.290 

- 1.93 


'0.8250 

0-9445 

0*4218 

0*683^r 5' 

■,—',,,0.80,0 

-* ,6*05, 


,■■' 3 '- 4 a 5 ,' 

1.9720 

0.9353 

1-45365 

+ ,1.325 

-■ 'S-OS 


„ 0*8625 

' 2'.2;230 

r.x63o 

1.6930 

+ 1.725 

-“■^2*82■ 

', -■ 

0 - 54+5 
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Table G. 


Mean daily percentage Increments in Area after ‘ Correction ’ by the Mean 
Daily Factors foujtd by the Three Methods. 


Day of 
Ex - peri - 

Successive Smoothing 1 

Method . 

Algebraic Method . | 

Plants 

Plants 

Plants 

Plants 

ment . 

with Two 

with One 

i zoitk Two 

with One . 


Leaves . 

Leaf 

Leaves . 

Leaf . 

I 

46-89 

56-33 

54*41 

65 H3 

2 

40*07 

44-69 

47-02 

52.26 

3 

34-99 

40.07 

41*22 

47*34 

4 

35-07 

33-03 

37-17 

39.46 

5 

20.38 

24.45 

24.26 

29.14 

6 j 

16.79 

19.65 

19.40 

22.78 

7 - 

13-37 

16.29 

14.81 

17-44 

.8 1 

11-32 

11-49 

11.86 

12.16 

9 1 

g.36 

T1.32 

S-93 

11*65 

lO 

7.64 

50-35 

8.16 

] I-OI 

11 ! 

6-39 

6-86 

6.63 

7.08 

12 

4*54 

7*35 

4-39 

7-73 

13 ' 

5*40 

4.66 

4-61 

4.06 

54 

3-88 

4.78 

3.06 

3*74 

15 

3*70 

3-75 

2.79 

2.85 

■ i6 

2-02 

2.98 

1-49 

2.23 


Additive Method . 


Plants 

Plants 

with Two 

with One 

Leaves . 

Leaf . '■ 

41.0S 

62-45 

34-73 

41.63 

33-18 

36-83 

30-91 

2S.70 

32-96 

27.S8 

21.30 

34.0S 

17-74 

19.64 

13-03 

13-49 

9*03 

12-87 

9-22 

11-55 

9.02 

9-54 

7*945 

9.69 

7-35 

6.99 

5-65 

^>*37 

5-19 

5*41 

.3-05 

4.225 


The Additive Method. 


This method is based on the assumption that the observed growth 
magnitude on a date is the sum of the ‘ ideal' growth magnitude and of the 
daily factor for that date ; i. e. it assumes that the observed growth magni¬ 
tudes on successive days of the experiment in Series I are/^j 4-/3:,/3+/2 j&c* 5 
those in Series H &c., those in Series HI +^3, 

&c* It has already been shown that, if P is the mean daily factor for the 
period of the experiment, P t=z O \ for, by definition, + jP =The 
relative values of &c,, can be found, for +A) ” A"~A 

are known values. The absolute values of &c., can be found also, 

A +A +A+-*'+A^ 


because P, that is ' 


N 


a 


The daily values of ' were again found separately from plants with 
two leaves and from'those .with one. ■They, are given, together with their 
mean values, in 'Table F. ' When ‘correcting^'the observed growth,'magni-' 
tildes by the mean daily factors found by 'tjiTS method, the , values of the 
.latterhave: tO"" be .■subtractedo,r added ■according to. their' sign.,/ ,;; The ideal 
growth'magnitudes obtained'in this .way are given in Table Grl ■'';'■, 
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Relative Reliability of the Thi^ee Methods. 

The two values of the daily factor found for each date from plants 
with one leaf and those with two leaves respectively should theoretically be 
identical In the case of these pairs of values found by the successive 
smoothing method there is a very fair agreement; consequently considerable 
reliance may be placed on the accuracy of the values of the daily factor and 
of the ' ideal ’ growth magnitudes found by that method. The two values 
found for the daily factor on each date by the algebraic method are widely 
divergent; consequently little reliance may be safely placed on the values 
found by that method. When that method was applied, however, to the 
correction of the distorted logarithmic curve, the values of the daily factor 
and the ideal values of ^growth magnitudes’ were obtained with con¬ 
siderable accuracy ; consequently the divergences that occurred when it was 
applied to the correction of the experimental data were probably due to the 
influence of the irregularities that are inherent in all biological data. In 
the case of the distorted logarithmic curve, the three ‘ observed ’ growth 
magnitudes for the first ‘ day of the experiment ’ are, in actual fact, y-iPv 
y^p^^ 2X\Ay^p^ In Series I, II, and III respectively; whereas, in the experi¬ 
mental data, they will be {y^-^ci)p^, + (7i + ^)A respectively, 

where and c are small divergences from the ideal value of y-^ due to 
variations inherent in all living organisms. It seems that these sources of’ 
error, b, and have a greater distorting efifect on the results when the 
data are corrected by the algebraic method than when they are corrected 
by the successive smoothing method. The two values found for the daily 
factor for each date by the additive method are widely divergent, and the 
resulting curves of ^ ideal ’ growth magnitudes are more irregular and less 
convincing than the original uncorrected curves of growth. These diver* 
gences may be due in part to the same cause as those arising in the 
algebraic method, but it seems probable that they are in part due to the 
hypothesis upon' which the method is based being false; it seems probable 
that the proper expression of the growth magnitude isyj> and not j/+A 
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Introduction, 

T he spermatogenesis in A^tthoceros has been broadly treated by 
Campbell ( 1 ), who, owing to the minuteness of the spermatogenous 
tissues, gives little cytoiogical detail. Professor Farmer suggested that 
a detailed study of the spermatogenesis in Anthoceros might throw some 
light on the affinities of the Anthocerotales to other members of the 
Hepaticeae. This investigation was accordingly taken up at his suggestion, 
and the writer wishes to express thanks for his advice and. guidance during 
the course of the investigation. 


Methods. 

A part of the material was fixed in acetic alcohol in the field, other 
material was kept in the laboratory growing on large sods under a bell-jarj 
and was fixed from time to time in various strengths of chromo-acetic, 
Flemming's, and Hermann's solutions. Chromo-acetic of medium strength 
and Flemming's weak solution proved quite good, but much better results 
were obtained from material fixed in half-strength Hermann's fluid for ten 
hours. The material was very quickly taken through grades of xylol to 
paraffin, so that the time taken for the entire process up to embedding was 
reduced. tO' six'hours. Even then great difficulty was experienced in cutting 
sections, as the hot xylol makes the antheridia very hard and brittle ; 
sections■ were cut from 3 to 'H p.' The process of division of .the spermato¬ 
genous tissues has been studied from sections of 4 to 6 p and the develop¬ 
ment of the spermatozoids has been described from sections of 3 p. 
In ' Staining, 'Flemming’s .triple ■-stain,, polychromeunethylene,'blue,,.' '.and 
Heidenhain's iron-haemotoxylin, followed by Bismarck-brown ,(i per .cent. 
' tAnnals ofBotaiiy,VoI,.XXXVin, No. CXLIX.Jamiary, 1924.3 ' 
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Bismarck-brown in 15 per cent, alcohol) as comiter-stainj were iised« The 
haematoxylin was carefully washed away, leaving the delicate cell-wall 
colourless, when a careful touch of Bismarck-brown gave a satisfactory con¬ 
trast The cell-wall took a bright brown colour, while the cytopiasiiig 
mucilaginous layer, and the pectic membrane separating the spermatozoicls 
took a much lighter colour with just a shade of difference between them. 
The figures are all drawn from Heidenhain-stained preparations, but the re¬ 
sults were all checked by Flemming’s and polychrome-stained preparations. 


The Nature of the Spermatogenous Tissues. 

The ceils of the spermatogenous tissues are seldom seen to divide 
simultaneously, though in some mature antheridia one finds several stages 
of development. This tissue is arranged in the antheridia in form of 
a regular pyramidal cone or a rectangular patch, obviously related to the 
early segmentation of the antheridiiim during the metaphase and telophase 
divisions. The spermatogenous cells present a more or less uniform stage 
when the)^ advance towards the formation of spermatocytes. The antherir 
dium attains its mature size before the formation of spermatocytes from the 
spermatogenous tissue is complete. The cells of the spermatogenous tissue 
divide very rapidly, with the result that the spermatid mother-cells, which are 
packed in the form of regular cubical cells, decrease to almost one-fourth of 
the original size. The cells of the antheridia retain their cubical shape 
throughout the division. The amount of mucilaginous substance in 
the ceils increases as the cells advance towards the final divisions leading 
to the formation of the spermatocytes. 

The Prophase in the Antheridial Nuclear Divisions. 

The resting nucleus of the young antheridial cell contains finely gran ular 
cytoplasm and a large and prominent nucleolus which is rather eccentrically 
situated (PL' VI, Fig. i). Several highly refractive granules are noticed 
outside the nuclear membz'ane. The nuclear membrane is at first very fine 
and almost hyaline, but it becomes considerably thicker as the nucleus 
advances towards the spireme stage (Fig. a). The cytoplasm becomes much 
coarser during the early prophase, and there is a gradual accumulation of 
granular chromatin which lat^^ on takes the form of a delicate thread 
(Fig. 2). This is very clear in a thick tangential section which shows the 
chromatin thread in the form of a concave reticulum along the nuclear 
'membrane, while 'thin, median section shows only the' cut. ends' of the 
■reticulum along the ■ membrane. ■ The thread is drawn out at several points 
in/the nuGlear),area./fThis; concentration: of .chromatiC', materials gradually'' 
increases at those points, so that after a time there appear several thick 
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knots within the nuclear space (Fig. 3). These knots are connected with 
the nucleolus by fine filaments, while a number of loose ends radiate from 
the other side of the knots towards the nuclear membrane. The nucleolus 
in the meanwhile loses its round shape and appears to be rather elongated 
3) 7 phenomenon might be due to the puli of the chromatin 

reticulum. Soon after this the whole mass of chromatin fragments Into 
four distinct groups (Fig. 4), which finally give rise to four slightly curved^ 
rod"Shaped chromosomes of two different sizes, two large and two small 

(Fig. 5 ). 

The Nature of the Spindle, 

The spindle is organized by numerous delicate fibrils which slowly 
accumulate along the nuclear membrane during the prophase. Neither 
polar caps nor any specialized part of the cytoplasm was observed to be 
connected with its formation. The spindle is very regular in the early 
stages of division, and its axis coincides with the long axis of the cell 
(Fig- 5), as in an ordinary division. The threads of the spindle are clear, 
but the poles generally vary in shape from sharply pointed cones to flat ones 
in which the fibres run almost in parallel bundles. The indication of the 
advance division is given by the oblique position of the spindles. The final 
division of the spermatid mother-cells, which are very small, is easily 
recognized by the greater number of oblique spindles, though even here 
a great many of them are in the long axis of the cell, and not oblique to it 
(hig, 8). But cases are also seen (Fig. 9) where the finally dividing cells 
have all the spindles arranged diagonally, and this has been described by 
many authors as characteristic of the final division in the spermatogenesis 
of the Hepaticeae. Unlike the earlier spindles those of the final division 
have sharp-pointed poles. Granules are noticed at the poles, but, being of 
very rare occurrence, have been omitted in the diagrams. 

Telophase and the Formation of Spermatids. 

The chromosomes lose their individuality as soon as they reach the 
poles, where they are reduced to a narrow, crescent-shaped band of chromatin 
(Fig. I o). The spindle fibres become much finer and ultimately break away in 
the middle, and the two parts recede towards the poles, so that a clear space 
is formed at the equatorial region (Fig. ii). As the result of this peculiar 
kind of division no actual cell-wall is formed between the two daughter 
nuclei, and the spermatids are only separated by a delicate pectic membrane. 

I The nucleus keeps the elongated shape of the original chromatin for a short 
time, but it rounds itself off and appears as a faintly-stained body when the 
spermatids undergo a period of rest. ■ The young spermatids (Fig., l a) have, 
a; very characteristic ■ appearance. They present' either a triangular or 
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a semicircular outline, depending on the original position of the spindle^ 
i. e. whether the latter was oblique or longitudinal in position. The nucleus 
always lies near the broadest side of the spermatids which are facing, each 
other. The spermatid contracts away from the cell-wall, leaving a clear 
space all round,, which is filled up by more hyaline mucilaginous substance^ 
The cell-wall undergoes the greatest degree of mucilaginous disintegration 
at this stage, and the middle lamella is almost indistinguishable. 

The origin of the mucilaginous substance and its gradual increase from 
the early divisions to the formation of spermatids are not only due to the 
disintegration of the cell-wall but also to the metabolic activity of the young 
spermatids, which seems to a certain extent responsible for its formation. 

Blepharoplast and the Formation of Spermatozoid. 

Special attention was given to the exact processes concerned in the for¬ 
mation of blepharoplast and of spermatozoids, which varies considerably in 
the Hepaticeae; even in the case of a single species such as Marchantia 
polymorpha there is a difference of opinion, and consequently controversy has 
arisen. Unfortunately the present material does not provide much scope 
for a detailed study of the spermatozoid formation. Repeated attempts 
were made to detect the centrosome or any structure like a centrosome, but 
without any success. It has been already pointed out by Davis ( 2 ) that 
centrosomes are entirely absent in Anthoceros^ The blepharoplast arises as 
the result of fragmentation of the main mass of chromatin, and it lies for 
a short time at one end of the narrow strip of chromatin (Figs. 15 and 'x6). 
The blepharoplast thus appears rather late in the history of spermato¬ 
genesis of Anthoceros^ and it disappears as soon as the cilia are visible around 
the young spermatozoid. The spermatid has now changed to an almost 
circular shape, and the nucleus is i^educed to a faintly-stained body (Fig. 17). 
The nucleus lies eccentrically in the spermatid. The body of the spermato¬ 
zoid is formed by the elongation of this nucleus and by further condensation 
of nuclear material along the outer contour of the spermatid (Bigs. 18 and 
19). The cell-wall is gradually dissolved, while the membrane keeps longer 
intact. Finally, the membrane is lost sight of as the spermatozoids become 
embedded in a loose matr& of mucilaginous substance and occupy a quarter 
of the antheridial cavity. The mature spermatozoid (Fig. ao) has a curved 
and linear body with a slightly club-shaped head. The cilia are almost of 
the same length as the body of the spermatozoids. 

^ Discussion. 

There have been a considerable number of investigations on the 
development of the spermatozoids in the Hepaticeae, and tfe 
show that the final division of the .spermatid mother-cell conforms to 
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diagonal type. In Antkoceros final spindle is both oblique as 
well as longitudinal, and these two arrangements occur side by side and both 
give rise to spermatids. 

The origin and function of blepharopiast are two interesting points in 
the history of the spermatogenesis, Ikeno (6) first pointed out the presence 
of ceiitrosomes in the cells of the spermatogenous tissues of Marchantia 
polymorplia* According to his very careful investigations they appear in the 
later dividing cells of the antheridia, and are always present diirliig the final 
division of the spermatid ; the single centrosome migrates to the acute 
angle of the spermatid, and forms the blepharopiast from which the cilia 
arise. Ikeno points to the probable homology of the two organs—the cen¬ 
trosome and the blepharopiast—in a phylogenetic sense. The existence of 
centrosomes in Marchantia and their subsequent change to blepharoplasts, 
the cilia-bearers, has been denied by Mottier (8) and * more recently by 
Escoyez ( 4 ). Escoyez maintains that 4 he corpuscles which appear in the 
spermatogenetic cells during the early divisions, and which can be traced 
from one division to another, are mere cell-structures, and are not genuine 
centrosomes, while he argues that the others, which always appear in the 
final and diagonal divisions, are really blepharoplastic in nature. Lewis ( 7 ) 
regards these bodies as centrosome-like rather than true centrosomes, but 
he seems to favour Ikeno’s (6) view of the homology of the two organs 
in question. 

It is out of place here to go farther into the details of this controversy, 
as the centrosome is entirely absent in Anthoceros* Several slides were 
obtained which showed the 'aster’ and ^ diaster’ stages of the final division 
(Figs. 7, 9, and 10), which, according to Ikeno, are the most critical stages 
where the centrosomes are invariably present in Marehantia^ but even at 
these stages persistent search failed to reveal any structure which could be 
positively identified as a centrosome. In this respect Anthoceros behaves 
much like Fossombronia longiseta^ where Humphrey ( 5 ) could not trace the 
origin of blepharopiast from a centrosome. But in Anthoceros the origin of 
blepharopiast, at any rate, which has not hitherto been clearly seen, and has 
up till now been a subject of speculation, is very clear. It is formed by 
fragmentation from the main mass of chromatin of the nucleus. Even in 
the same slide one can find all the stages from its beginning in the main 
body of the chromatin (Figs. 13 and 14)40 the lateral migration of the small 
fragment as a blepharopiast (Figs. 15 and 16), while the bigger body rounds 
itself off and takes the central position as the nucleus (Fig, 17). 

It is interesting to note that the origin of blepharoplastic corpuscles in 
the spermatids of Ant/wceros shows some similarity to the formation of the 
' chromatin bodies ^ which have been observed in animals and plants, both 
in'vegetative''and reproductive,'cells'.-. ’The history-of the ;development-’-of 
these bodies'has been studied in Galtonia candicans by Miss Digby ( 3 ). 



no Bagchee.~T/ie Sperrnatogenens of Anthoceros laevis, L. 

They originate either from the nuclear framework or from the nucleolus. 
They may lie in the nuclear cavity or they ma}^ invade the neighbouring 
ceils where they remain in the cytoplasm. But the further history of 
blepharoplastic corpuscles in Anthoceros is not so simple as that of the 
^ chromatin bodies ’ of the higher plants. In Anthoceros and in other mem¬ 
bers of the Hepaticeae they are always connected with the formation of 
the motile organs (cilia), while in Galtonia and in other higher plants they 
are destined to undergo an extremely rapid degeneration. 

The contraction of the chromatin reticulum as knots at several points 
of the delicate spireme in the evolution of chromosomes is a regular 
phenomenon in all the successive divisions (Figs. 3, 4, and 8). The number 
of chromosomes is four, which agrees with the number given by Davis (2). 


Summary. 


I, The gametophytic number of chromosomes is four. 

а. The centrosome is entirely absent in the spermatogenesis of 
Anthoceros. 

3. The final division of the spermatid mother-cell is both oblique as 
well as regular, and the two kinds of divisions take place side by side and 
both give rise to the spermatocytes. 

4. No true cell-wall is formed between the spermatids, which are 
separated by a hyaline membrane of pectic substance. 

5. The blepharoplast arises from the main body of chromatin as the 
result of fragmentation. It disappears as soon as the cilia are visible romicl 
the spermatid. 

б. The sperniatozoid has a linear body which is a little broader towards 
the head, with the cilia of almost of the same length as the body. 

Botany Department, 

Imperial College of Science, 

South Kensington. 
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EXPLANATION OF PLATE VI. 

Illustrating Mr. Krishnadas Bagchee’s paper on the Spermatogenesis of.Anthoceros iaevis^ L* 

All the figures, with the exception of Figs. 20 and 21, were drawn with the camera lucida under 
1/15 semi-apochr. Koristka with comp. oc. 18 ( x 2550). 

Figs. 20 and 21 were drawn with camera lucida under 2 mm. apoc, imm, Zeiss N.A. i«40 with 
comp, oc, 18 X 2250. 

Fig. I. Resting stage of nucleus in the cells of spermatogenous tissue of very young aiitheridium. 
Fig. 2, Delicate spireme stage of nucleus of almost the same age as Fig. i. 

Fig. 3. Formation of thick spireme from several knots. 

Fig. 4. Fragmentation of spireme into four groups of chromatin. 

Fig. 5. Aster stage of mitosis of very young antheridium. 

Fig. 6. Diaster stage of almost the same age as Fig. 5. 

Fig. 7. Spireme stage of nucleus from which the spermatid mother-cells arise. 

Fig. 8. E'inal division in spermatid mother-cells showing mixed spindles. 

Fig. 9. Final division with oblique spindles. 

Fig. 10. Anaphase stage of mitosis in spermatid mother-cells. 

Fig. I I. Late telophase of final division, showing the formation of clear space in the equatorial 
region of the spindle. 

Fig. 12. The resting S^rmatids within the spermatid mother-cells. 

Fig. 13. The appearance of constriction in the main mass of chromatin after the late telophase. 
Fig, 14. Formation of blepharoplast. 

Figs, 15 and 16. Lateral migration of blepharoplast. 

Fig. 17. Lateral migration of blepharoplast and the formation of nucleus by rounding off of the 
main mass of chromatin. 

Fig. 18. Formation of cilia and disappearance of blepharoplast. 

Fig. 19. Condensation and elongation of spermatozoids. 

Fig. 20. A later stage in the growth of spermatozoids. 

Fig. 21. A free spermatozoid. 
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Studies in the Physiology of Parasitism. 

X. The Growth Reactions of Certain Fungi to their Staling 

Products. 

BV 
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Londofi), 

With five Figures in the Text, 

Introduction. 

N umerous investigations have been recorded dealing with the influ¬ 
ence of various chemical substances on the germination and growth 
of fungi, but comparatively few observations have been made on the effect 
on the growth of fungi of the products of their own metabolism. 

Fungi which develop for some time on solid or liquid media sooner or 
later show a marked diminution in rate of growth, varying with the organism 
and the medium used. When considering the various factors which con¬ 
tribute towards such a diminished rate, the first which suggests Itself is the 
exhaustion of the food materials; changes-which manifest themselves in an 
increase or decrease of acidity or alkalinity must also be taken into account. 
Finally, organisms, "during their growth, liberate materials about the 
chemical properties of which little is known. 

The object of the present investigation was to trace, step by step, the 
staling of a solution and then to attempt to discover by what means and 
to what extent the capacity for growth could be recovered. This is a 
necessary preliminary to an attempt to determine the chemical nature 
of the staling products. 

Historical. 

Nikitiosky (6) investigated the influence of the metabolic products 
of'. moulds on their own development.-. - He grew Penicillmm... glaucmn^ 
Penicillkmi ■griseum, Mucor stolonifeTy Aspergillus fimus^ ' Saecharamyces 
rmaceusy. -and' -' ^Saccharomfcescerevisiae ■ in; -flasks, using' - an ' ordinarysyn* 
thetic medium. The mycelium piDduced was^^ r after lo-ao days 
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and its dry weight determined. The liquid remaining in the flasks was 
sown with spores of the same (or a different) specieS; left for a further 
period of lo to 20 days, and the mycelium removed and the dry weight 
determined as before. This was repeated until the liquid remaining in 
the flasks gave no further growth. He also tried the effect of the addi¬ 
tion of nutrient, or of acid or alkali, to the partially staled medium. By 
varying the source of nitrogen in his culture medium he obtained' very 
different degrees of staling. When ammonium chloride was used as the 
source of nitrogen, inhibition of growth set in very quickly and the 
medium became acid. The NHg was apparently removed and the HCi 
left behind soon rendered the medium unsuitable for further growth. By 
neutralizing the acidity by the addition of alkali, comparatively good 
growth was obtained. When ammonium tartrate was substituted for 
ammonium chloride, the NH3 was utilized as a source of nitrogen and 
the tartaric acid radicle as a source of carbon. In this case there was 
less acidity developed and the medium became less stale. When peptone 
was used as the source of nitrogen and carbon the medium became 
alkaline, but the alkalinity was developed more quickly in cultures of 
Penicillimn sp. than in those of Aspergillus niger. In the case of the 
latter the NHg was neutralized by the oxalic acid produced. In this 
connexion the author states: ^ After the addition of KHgPO^. to the 
culture liquids we find comparatively good development, that is, the inhibh 
tion of growth was caused by the alkaline reaction ■ only/ Here, as in 
other parts of this author^s work, the evidence brought forward is not 
sufficient to justify the conclusion,- When glucosides were introduced 
into the medium as the source of carbon, Nikitinsky obtained staling 
effects.' which were not due to acidity and of which he was unable to 
determine' the cause. Cases are also recorded where a certain amount 
of fungal growth accelerates the growth of another fungus when sown 
afterwards in the same liquid. Such stimulating effects were often 
masked by the presence of inhibiting factors. 

In a prelimmary communication on the germination and develop¬ 
ment of spores' of fungi, Kiister ■ ( 3 ) noted that the inhibiting effect of 
stale:'Solutions on fungal growth could ■ be partly removed by -boiling. 
He; -grew^' in a plant decoction for nine months, and 

at• theend' of, that time''took a sample of the stale liquid and boiled a" 
portion. . Hanging-drop cultures of the-boiled ■ and unboiled liquids were 
■s-et.up.and; inoculated, -with' fresh '..spores of the same fungus. After two 
days-, there was'mo- growth in the unboiled' portion, whereas long vigorous, 
-,'ge.rm-tub'es, were'-produced in-the boiled portion--at the end of twenty-four ', 
'hours,. ':.,He also,,observed that the same result .was-obtained 'when the stale"''' 
medium ''was, inoculated,.with the spores of E'"different,,fungus frGm,:that which,'; 
produced'the staling. 
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Lutz ( 5 ) grew various mould fungi in nutrient solutions of difterent 
composition, and found that in the course of their development they gave 
rise to substances which retarded or stimulated their own growth. He 
was unable to identify any of these substances, but found' that with 
enzymes they shared the property that at high temperatures they were 
destroyed ,or at least temporarily deactivated. In the case' of some stale 
solutions after passage through a porcelain filter the growth-retarding 
or growth-accelerating substances were no longer demonstrable In the 
filtrate; in the case of other stale nutrient solutions these substances were 
not held back by the filter. The retarding or stimulating effects were not 
confined to the fungi l3y which these substances were produced ; they also 
affected the spores of other fungi. 

Wehmer ( 9 ) found that Penicillinm sp. grew badly on a nutrient 
consisting of sugar and ammonium sulphate. When potassium nitrate, 
ammonium nitrate, ammonium chloride, ammonium malate, ammonium 
citrate, ammonium tartrate, also peptone and asparagin, were used as the 
source of nitrogen, normal growth resulted. The cultures containing 
ammonium sulphate as the source of nitrogen developed strong acidity 
which ultimately resulted in the death of the fungus. Similar results were 
obtained in cultures containing ammonium nitrate and ammonium chloride, 
but not when potassium nitrate was used. These results were not obtained 
when Aspergillus uiger was grown under the same conditions. 

Zeller and Schmitz ( 10 ) grew various fungi in mixed cultures in order 
to determine whether the inhibition or stimulation of growth, as the case 
may be, might not be the result of the depletion of the available carbo¬ 
hydrates in the medium or a change in the hydrogen-ion concentration. 
Agar plates were each inoculated with three of the fungi in such a way 
as to have all possible combinations of each fungus, and from these the 
reciprocal influence of growth was determined. In cases where there was 
a marked inhibition or stimulation of growth between two fungi on the 
plates, these were afterwards grown on sand slopes to which the same 
ingredients as were used in the agar plates were added. After considerable 
growth had beexi made by the first fungus the solution was filtered off, 
sterilized, and inoculated with the reciprocal fungus. The amount of 
growth resulting from the second inoculation w^as. determined by ascertaining 
the dry weight of the fungus mat produced, and the amount of sugar remain¬ 
ing in the solutions was estimated. The authors w'ere unable to establish 
any - definite ■ correlation between the carbohydrate content of the iiiitrient ' 
solution and the growth of the second fungus. As recognized by the 
authors, the method is' open to ■ a, very serious .objection,, in' that any 
toxic substances produced by the first fungus might be destroyed in 
'-the,:pfocess'of'autoclaving' between the;.first nnd 'second ino'cnlation, 

. misleading .results might .thus be obtained. The liydrogen-ion conceotra-. 
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tions of the solutions were determined after the fungi had grown in them 
for two weeks, and the results obtained showed that there was no definite 
relation between the active acidity produced by these fungi and their 
ability to inhibit or stimulate the growth of another. 

In the course of an investigation on the growth of wood-destroying 
fungi on liquid media, Zeller, Schmitz, and Duggar ( 11 ) found that under 
the conditions studied the fungi investigated showed a general tendency 
to increase the active acidity of the medium during growth. They con¬ 
cluded, however, that the hydrogen-ion concentration of the medium did 
not appear to be the limiting factor in growth. 

Boas ( 1 ) observed that Aspergillus iiiger^ when grown on a nutrient 
medium containing maltose (5 per cent.) -and urea {% per cent.), pro¬ 
duced such quantities of ammonia as to cause the death of the fungus. 
Other fungi, such as Boirytis cinerea and Oidium^ grown under similar 
conditions remained alive for months. 

Methods. 

Previous work carried out in this laboratory has shown that a species 
of Fusarmm originally isolated from apples possessed very active staling 
properties. Preliminary trials were also made, using Botrytis cinerea^ but 
it was found that the latter fungus staled comparatively slowly on the 
media used; later work Was therefore confined to Fusarium^^. Stock 
cultures of the fungus were grown on potato mush agar. The medium 
was prepared by weighing 300 grm. of washed potatoes, cutting into small 
pieces about i cm. cube and steaming for two hours in a'^^litre of water. 

, The whole was then strained through, muslin and 15 grm. agar per litre' 
added to the extract Tubes-were poured, sterilized, and slanted In the 
usual way. Several media were tried for stock culture purposes, but this- 
proved to be the most suitable one for the production of spores, an 
abundant supply • of which ■ was required for the inoculations to be de- 
■■scribed. 

' „ As liquid media for the growth of Fusarium sp,, Ricliardsf solution ( 7 } 
was; selected as representing an ordinary synthetic culture medium and 
potato and' apple extracts as representing plant decoctions. ' The potato- 
■ ■ extract was prepared' as described above, without the addition of agar.' 

' Apple, extract, was ' prepared by adding to 300 grm. of apple, cut up; 

' into' small 'pieces, one litre of water and' steaming for two hours. The 
' whole, was 'then ; strained through muslin and . the extract allowed' to 
stand ; until ' any 'remaining; solid had settled to the bottom, when the^ 

' '''..supernatant liquid was.siphoned off. 

' v',',,' .;,. The: cultures^'Were set .up flasks. ' In order that 

the conditions of 'germination, and''growth as' regards, depth and' surface" 
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area of culture medium might be as uniform as possiblCj the flasks used 
throughout this work were specially selected for their uniformity. To each 
flask was added 50 c.c. of the medium to be used. They were then plugged 
with cotton-wool and sterilized at 120° C. for twenty minutes, A concen¬ 
trated spore suspension of Fusarmm sp. was prepared in sterile distilled 
water, and twenty drops ( = t.*i c.c.) added to each flask by means of a 
sterile pipette. The flasks were incubated at 20® G. 

As observed by previous workers in respect of other species of fungi^ 
it was found that the inhibiting action of Ftcsarium-stdled medium was 
not confined to that genus, but also extended to other genera. For 
example, a medium on which Fusarmm sp. had been growing for some time 
w^as found to exert a greater retarding influence on spores of Botryiis 
cinerea than on spores of Fusarium sp. Flasks of nutrient inoculated with 
Fusarmm sp. as described above were taken at intervals, depending on 
the rate of staling on the particular medium, and filtered under sterile 
conditions. Since the progress of staling was to be measured by the 
effect of the stale liquid on the germination and growth of fresh spores, 
the presence in the filtrate of spores produced by the mycelium io the 
stale medium would be objectionable if fresh spores of Fusarium sp. were 
used in testing the germinative capacity of the stale liquid. Tl\e use 
of spores of Botrytis cinerea for this purpose instead of those of Fusarmm 
sp. appeared to possess several advantages. Botrytis spores are much more 
susceptible to the metabolic products of Fusarium sp. than are spores 
of the original fungus producing the products; consequently the staling 
effect is obtained much sooner. They have the further advantage that 
the germ-tubes of Botrytis spores can be measured microscopically with 
much greater accuracy than can those of Fusarium, In the case of the 
latter it is often difficult to tell where spore ends and germ-tube begins. 

For these reasons the progress of staling was measured throughout 
this work by the effect of the stale liquid on the germination and growth 
of spores of Botryiis cinerea. 

The stock cultures of the fungus were grown on potato mush agar. 
T\iQ 'Botryiis spore suspensions used for inoculation were prepared from 
cultures ten to fourteen days old and centrifugalized several times. Two c.c. 
portions of the various liquids whose germinative capacity was to be tested 
were placed in sterile test-tubes and one drop of a concentrated suspension 
of spores of Botryiis cinerea added. Drop cultures of each liquid were 
. then transferred to two clean slides—three drops to each—and the slides 
placed in sterile' Fetri" dishes,' . The' atmosphere in the Petri dishes was 
kept moist by .placing damp . blotting-paper underneath, the lids. The 
cultures were' incubated." at 20® C. After ten to fifteen hours, the . cultures 
were examined ' and■ the' length of'germ-tube ■ produced' by the spores was 
measured. ' ■ 
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It was observed that considerable differences may occur in the capacity 
for germination and growth of individual spores produced under similar 
conditions* This is particularly the case in any medium which does not 
produce vigorous germination. In order to eliminate experimental errors 
arising out of differences in size of the drop cultureSj pipettes of similar 
calibre were used throughout. Usually 50 to 100 germ-tubes were 
measured in each culture, depending on the amount of variation in growth 
of the individual spores. 

Generally all the spores in a single field in each drop were measured 
so that the average represents measurements taken from six different fields ’ 
for each culture. By calculating the probable error'*■ of the average we 
are enabled to interpret the significance of the differences between the 
various averages. 

The criterion of average germ-tube length was found to be a much 
better index of the suitability of a medium for growth than percentage 
germination. Except in the most unsuitable media, practically all the 
spores of Botrytis cinerea germinate ’ in ten to fifteen hours, but the 
differences in the rate of growth are very marked. 

In order to compare the amount of growth of Fusarium sp. on the 
three ^media used, and also to find whether there was any correlation 
between the rate of staling on a particular medium and the amount of 
fungal growth, the weight of the mycelial mat-produced was determined 
in each case. The mycelium was filtered off, the filter-paper having 
been previously dried over CaCl^, weighed, and sterilized. When the stale 
liquid had drained away, the mycelium was -well washed with distilled water, 
dried over CaCIo, and weighed again. 

The hydrogen-ion concentration of the staled and control solutions 
was determined by the colorimetric method as elaborated by Lubs and 
Clark, ( 4 ). The standard buffer solutions were prepared from pure chemi¬ 
cals recrystailized several times and made up with distilled water. , -The 
colorimetric comparisons were made with the aid^ of the so-called ‘com¬ 
parator- of Hurwitz, Meyer, and Ostenberg, the procedure . being as 
follows:' To a test-tube containing 5 c.c. of the test: liquid was added 
'a,'definite amount of the appropriate indicator, and ■ the colour developed 
compared' wfith the colours obtained when the same'amount , of the indi¬ 
cator'was" added-to equal quantities - of the standard buffer solutions. 
Behind-the-test liquid stood a tube--of distilled- water. The tubes standing 
■behind the Buffer solutions contained the test liquid'without indicator, so 
' "that -equal -quantities of the same liquids were being viewed in all-cases. 

. ' In; -order -' to- .get som,-e idea - of 'its ■ m-agnitude, ■ tlie probable -error of the mean Ims' been calculated, 
.,itt ,a, few-instances-, in, wbicb'tb-e .variations'were'perhaps greater than normal.' 'In one case .where- 
157 germ-tiabes were measured, the average worked, out at yo, and the probable error at 0*09, or 
3 per cent. 
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The indicators used were those recommended by Lubs and Clark; giving a 
range from pH i*a to pH 9-8. 

Various methods were adopted to discover by what means and to what 
extent the capacity of sustaining growth could be restored to staled solutions 
as a preliminary to a chemical examination of the staling products* As 
already mentioned, the first factor to be considered in examination of a 
staled solution is the extent to which inhibition of germination and growth 
is due to exhaustion of the food-supply. This was tested by adding to the 
staled liquid varying proportions of the original unstaled nutrient—controls 
to which sterile distilled water was added being set up at the same time to 
find out the effect of dilution on the toxic substances present. 

When the reaction of the staled medium differed considerably from 
that of the controlj HCl or NaOH, as the case may be, was added so 
as to restore the pH of the staled medium as near as convenient to that of 
the control. 

In order to determine whether the toxic effect of staled solutions 
might not be due to the presence of thermolabile substances, portions were 
boiled, usually to about half the volume, and the boiled portion made 
up to the original volume with sterile distilled water. Portions of the 
boiled liquid were taken and corrected for pH as before by the addition of 
HCl or NaOH. 

Attempts to restore the germinative capacity to staled media by other 
means will be described later. 

Care of glassware. All tubes and slides used were first cleaned in 
bichromate-sulphuric acid mixture, after which they were repeatedly washed 
with distilled water. The test-tubes and pipettes were thoroughly washed 
and sterilized after each experiment. 

Experimental data. In order that the germ-tube measurements in the 
various series of experiments might be comparable one with another, the 
average germ-tube length in the control nutrient media is reckoned as 
twelve divisions^ on the ocular micrometer and all other measurements are 
calculated accordingly. 

The following abbreviations are used throughout the various tables : 
R.S. = Richards' solution; A.E.^ apple extract; F.E. = potato extract; 
R.S.F.^ = Richards' solution in which Fusarinm has been growing for 10 
days. 

Exhatistion of food materials. Apple extract prepared as described 
was inoculated with sp. and incubated at C. for seventeen 

days.' The mycelium was then filtered off under sterile conditions, and to 
the staled liquid were added various proportions of unstaled apple extract 
ill . one case,''and . sterile distilled water'in the other. The cultures ', were' 

1 One division == ^2 ju. 
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inoculated with spores of Botrytis cinerea^ incubated at 20® C. for eight 
lioiirSj and the germ-tube length measured* 


Table L 


Series A, Dilution with apple extract. 


. 1 //. 1 pL A.E.F,y, J pt. A.E.F,^^ ipt. A.E.K-,^ 

j ^Z9pts. A.E. 99 

Average germ- o 0 7*5 ' 9“9 

tube leiigtli 


A.E. 


I2"0 


Series B* Dilution with water. 


t F F I//. Ipt. A.E.E.I.J ipt. A.E.Fj^ ipt. A.E.E.n 

ipt^iraUr. 9 pa. Water. ^ 9 pts. IVater. ggpts. IVater. 

Average germ- o o i*7 4*5 5’^ 

tisbe length 


Water, 

0-7 


Comparison of Series A and B, Table I, shows that the effect of dilution 
on the stale medium, whether it be with apple extract or with water, is to 
restore the capacity for germination and growth. In neither case is there 
any germination in stale extract diluted to one-half; beyond this point 
increasing dilution, within limits, results in increased growth* 

When water is used as the diluent we find good growth in i per cent, 
staled extract compared with that in pure water, indicating that inhibition of 
germination in the staled medium is not due to lack of nutrient materials. 

Effect of (a) boiling, (b) restoration of pH, (c) botlu The following 
table shows the change in reaction of Richards’ solution brought about by 
the growth of Fttsaritim sp., and also the effect' of boiling the staled 
medium in restoring its germinative capacity for spores of Botrytis cinerea. 


Table II. 


Growth in control, la-o. pH = 5*35* 



R,S.E. 

Average-length 
of germAube, 

pff. 

RS.F,bozkd. 

A verage iengik 
of gefm-tube. 

pB. 

; 2 „ .days stale 

,"S*I 

5*5 

Il'O 

5*5 

4 ' 'i>, ' yy, ' 

■ '6-3 ■ 

5-6 

S-8 ■ 

5*^ 


. 3*1.' 

■■ 5*7 .; 

4*7 

5*9 

s „ „ 

0*0 

6-6 : 

47 

6-4 

1° » » 

; 0*0 

■ 7“3'. ■ 

: 3*3 

7-4 


Ftisarimn sp.'is grown in Richards’"'solution the active acidity 
of the medium', decreases with. the ;growth of the fungus. The boiling of'the 
.staled medium results' In increased growth of Botrytis spores, compared with. 
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that ill the unboiledj but the effect decreases as the medium becomes 
increasingly stale* The increased growth in the boiled liquid indicates the 
destruction of thermolabile substances which exerted a toxic influence on 
the staled medium. 


Table III. 


Richards'^ Solution ( 0-5 % Rhosy 


Staled . 


Staled and 
boiled. 


Staled and Weight 

Staled -r HCl. boiled of 

-h HCL 7uyceliwM. 





Bot . 

growth . 

pH . 

growtn . 

. rr Bot . 

^ * growth . 

pH . 

Bot . 

growth . 

pH 

Grni . 

4 days stale 

7*8 

4*9 9*4 

4*9 

_ 

_ 

_ 

_ 

— 

0 

3 > 

33 

3*0 

5*b 5*0 

5*9 

__ 

— 

__ 

___ 

0*4860 

7 

33 

53 

— 

— _ 

— 

— 

— 

—— 

— 

—— - 

8 

33 

33 

0*33 

6-3 6-4 

6-3 

3*7 

4.S5 

— 

— 

0*6355 

10 

5 3 

33 

0*0 

7*3 — 

7*5 

J 5 

3*9 

7*8 

3*7 

0*8785 

12 

33 

33 

0*0 

7.65 i-i 

8'i 

0‘0 

4.1 

9*0 

4-1 

0*9145 

14 

53 

33 

0-0 

8*1 0‘07 

9*5 

0*0 

3.6 

5*8 

4-8 

0-9840 





Riehards ' Solution (o» 

05 % Phosy 




4 days stale 

10*9 

4*4 11*7 

4-8 

— 

_ 

_ 

_ 

_ 

6 

33 

35 

1-6 

4*4 7*2 

4-4 

— 

— 

— 

— 

o-i 116 

7 

33 

33 

— 

— — 

— 

— 

^ — 

— 

— 


8 

?3 

53 

0*48 

7*0 — 

— 

4*0 

4*5 

— 

— 

0*4570 

10 

33 

35 

o«o 

7*1 6*6 

6*9 

3-6 

3.6 

ii-i 

4*0 

0-5965 

12^ 

J 3 

55 

0*0 

8u 2*7 

— 

1*5 

4*0 

9*3 

3*7 

0*7260 

14 

33 

33 

0 0 

9*0 0-6 

9*9 

2*9 

3-6 

9*5 

4*3 

0-8425 






Potato Extract. 





4 days stale 

0 

S-2 4-7 

8*9 

— 

— 

— 

— 

— 

5 

»3 

33 

0 

9*x 0-0 

lO-r 

— 

— 

— 

— 

0-1230 

7 

33 

'33 

0 

8*5 0*0 

10 + 

0 

. 7*1 

2-7 

^ acid ’ 

.— 

8 

33 

33 

0 

S-8 0*0 

10 + 

0 

7*5 

0-0 

7-0 

0-1148 

10 

33 

3 ? 

0 

8*9 0‘o 

10 + 

— 


0*0 

8-0 

0-1310 

X2 

33 

33 

0 

9’0 0*0 

10-r 

0 

7*3 

0.0 

7*2 

o«i,ioo 

I4 

53 

33 

0 

9*0 O'O 

10-f- 

0 

6*7 

0*0 

7-1 

0*1335 


As the reaction of the staled liquid approaches true neutrality the 
phosphates present are precipitated on boiling, and thus factors are intro¬ 
duced other than the destruction of any thermolabile, substances which may 
be present. • An attempt was made to get over this' difficulty by reducing 
the amount of phosphate in normal Richards' solution (0-5 percent) to 
0-05„per;cent" while keeping the other constituents' at the same concentra¬ 
tion as'before. The progress of staling in. this medium as well as in normal 
Richards* solution and in potato extract is shown in' the table above, 
also the results of experiments to restore the germioative capacity to the 
■staled/mediav',, W the.hydrogen-ioaconcentration was altered,consider¬ 
ably by ;the growth, of Fusarium sp.., it was restored approximately to that 

of the unstaled" controls by, the addition of HCl H to the , staled,;'solutions.,' 

The, combined effect 'of, boiling and .the restoration of the pH value is' also 
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shown. All the flasks were inoculated with equal quantities of the same 
spore suspension and incubated at 3 o° C., uninoculated controls being kept 
under similar conditions. The growth in the controls is reckoned as i a-o 
units in each case. 

The initial hydrogen-ion concentrations were as follows: 

Richards’ solution 0-5 per cent, phosphate, pH 4-35. 

» ,= 0-05 „ pH 4-55. 

Potato extract, — pH 7-0. 

The comparative growth of Fnsaritiin sp. on these three media, and 



also the progress of staling as indicated by the growth oi Botrytis cinerea in 
the staled media, are graphically represented in Figs. 1 and a respectively. 
Comparison of the weights of mycelium produced on RichardsV solution 
0*5 pst cent, phosphate, Richards’ solution 0-05 per cent, phosphate, and 
potato extract shows that as media for the growth of Fusarium sp. they 
stand in the order named. The rates of growth of Fusarium sp. on potato 
extract and on Richards’ solution containing the smaller amount of 
phosphate are very similar during the first six days, while that on normal 
Richards’ solution is well in advance. While there is little or no further 
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development of mycelium on potato extract, the amount of growth on 
Richards’ solution 0-05 per -cent, phosphate increases steadily and closely 
approximates to that on normal Richards’ solution at the end of fourteen 
days» The striking feature which the table shows, and which is graphically 
represented in Fig. 2, is the rapidity with which potato extract becomes 
staled in comparison with Richards’ solution, notwithstanding the poor 



Fig. 2. Graphical representation of the comparative staling^by rnsanum sp. on Richards’ 
solution 0*5 per cent, Richards* solution 0*05 por cent. IVH2PO4 ; and potato extract, as 

indicated by the growth of BoOytis cineT’ea in the staled medium. 


mycelial development on the former. At the end of four days the accumu¬ 
lation of toxic substances by sp. growing on potato extract is 

sufficient to inhibit completely the germination of Botrytis spores when 
sown in the staled liquid. At this stage boiling restores its germinative and 
growth capacity to some extent. At a later stage, however, neither boiling 
nor restoration of the pH approximately to that of the control has any 
apparent effect in that direction. The cumulative effect of both, however, 
is sufficient to permit slight growth of Botrytis cinerea in a seven-day stale 
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medium, but is without effect at a later stage. It should be noted that the 

seven-day stale medium was made ‘add' by the addition of HCl y: the 

exact liydrogen-ion concentration was not determined* 

Comparison of Figs* i and % shows that the amount of staling on 
a particular medium is proportional to the development of Fusarium ,sp* 
The slight growth of Fusarium sp. on the four-day staled sample of 
Richards' solution 0*05 per cent, phosphate is accompanied by a small 
amount of staling. The eight-day stale sample shows considerably more 
growth and much greater staling properties. 

The general features of staling on Richards' solution, normal and 
modified formuiaCj are very similar. In either case there is complete 
inhibition of germination of Botryiis spores in ten-day staled solutions and 
onwards. The inhibiting effect is partly removed by boiling and also by 
correction of the pH value. When the medium has reached that degree of 
staleness that the germination of Botrytis spores is just inhibited, the com¬ 
bined effect of boiling and correction of pH value is to restore to the staled 
medium, almost the germination and growth capacity of the original. The 
effect of such treatment, however, decreases as the accumulation of toxic 
substances increases. 

In Table IV the staling processes by Fusarium sp. in Richards' 
solution and apple extract are compared and followed to a somewhat later 
stage. All the flasks were inoculated with equal quantities of the same 
spore suspension and incubated at 20^ C., uninociilated controls being kept 
under similar conditions. 

The growth in the controls is reckoned as divisions on the ocular 
micrometer. The initial hydrogen-ion concentrations were as follows: 

R.S., pH 5-35 ; A.E., pH 4-6, 


Table IV. 




Richardf Solniiou, 




1 Jffe Extract, 



Stahii, 

Staled and 
boiled. 

Staledj 
boiled, and 

Weight 
of my- 

Staled. 

Staled and 
boiled. 

Weight 

of my- 




HCl added. 

editmi. 


cdtum. 

Days 

stale,. 

' Bat, 

gTffmih. 

yff . 

BoR 

\^rowtk. 


Bot. 

growth. 

///. 

Grm. j 

Bot, , r/ 

growth. 

Bot. 

groivih. 


Grm. 

4 ■' 


' 5 - 6 ' 

10-6 

5 * 6 , 

— , 


0.2450 

3*6 " , 5*1 

4*0 ■ 

' 5 * 1 - 

0.0010 

6 



'' 9-7 

, — 

9*6 

3.0 

0*7505 

' ,i *3 , 5*3 

1.9 

5*3 

0-0210 

.,'9 


'■6.S' 

2*a 

' —- 

: : 5.0 

3.3 

0.7520 

— 

— 


0*0276 

II 

0-0 ■ 

,■8.4 



6-1 

3*4 

I *004 2 

1*5 ■ - 5*3 

5*3 ■ 

5*3 

0.015,3. 

' i'6 




10'+' 

. 3*6 

5*8 

0*91 ro 

0*0 ' 5*3 

0*0 

5*3 

— 

,30 

0*0' 


■ , 0*0' 


2*2 

■3*3 

I •1036 

0-0 ■' ’ 5.3 

0*0 

5 * 3 '" 

0 - 0,2 4 3 

' : 

, — , 


■■■ 


., 


~ 

0.0, 5*2,: , 

0*0 

5 * 3 . 



Comparison of the mycelial growth on Richards’ solution and apple 
extract shows that the latter is a comparatively unsuitable medium for the 
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growth of Ftisaritim sp. In contrast to Richards^ soliitioHj which shows 
a, marked change In hydrogen-ion concentration towards the alkaline side 
with the growth of Ftisarium sp., the change of reaction in apple extract, 
although in the same direction, is comparatively slight; consequently re¬ 
adjustment of the pH value of staled apple extract was not considered 
necessary. 

The progress of staling is also seen to be much slower in apple extract, 
the stage of complete inhibition of germination of Botrytis spores only being 
reached in sixteen-day-old cultures, whereas the same stage is reached in 
six days in the case of Richards’ solution. 

The effect of boiling on the staled medium is similar in both cases, i. e. 



Fig. Graph showing relation between rate of growth of Fusariwm. sp. on Richards’ 
solution and rate of change of hydrogen-ion concentration of medium. 


io the early stages the inhibiting factors are partly destroyed, but the effect 
disappears as the accumulation of toxic substances increases. 

As was shown in Table III, boiling and correction of pH value of 
staled Richards' solution have a combined effect in promoting germination 
and growth of spores Botrytis cinerea^ e,Ytn at a stage when they are 
separately ineffective. 

It will be noticed that considerable variation in growth may occur in 
individual cultures of the same medium, even when every precaution is taken 
in selecting uniform flasks and inoculating equal quantities of medium with 
equal amount of '' the " ' same' spore suspension. As a general rule ' the 
degree, of,staling, and ' change in, reaction' of the.medium is proportional to 
:'the. amount, of "mycelial ^ development irrespective of the, age ■ of' the Gu.ltur€. 
'The rate of: change in' reaction' of the'medium and the rate of growth' of 
.Fusarium/sp* on'Richards''Solution are, represented graphically'in "Fig. 3. " 
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When grown on the three standard media used in the present investi- 
gation'it has been shown that Fusarimn sp. causes a definite decrease in 
hydrogen-ion concentration. When the pH value of the staled medium is 
restored approximately to that,of the control, part at least of the toxicity is 
removed. Hence the question arises, to what extent is the decrease in 
hydrogen-ion conceiitretion responsible for the inhibition of growth in 
staled media? Working on the, germination of spores of certain fungi 
in relation to hydrogen-ion concentration, Webb (8) found that the limit of 

. M 

germination on the alkaline side for spores of Boirytis cinerea in maniiite 


at 22° C. was pH 7*0, 

Reference to Table III will show that germination of spores of Botrytis 
cinerea took place in fourteen-day staled and boiled Richards' solution 
0-05 per cent, phosphate having a pH value of 9-9. It would thus appear 
either that the strain of Boirytis cinerea used in these experiments has a much 
wider limit of pH values within which it can grow than that used by Webb, 
or that the limiting pH for germination is a function of the medium. To 
decide this question, various pH standards of Richards’ solution, potato 
extract, and apple extract were prepared by the addition of varying quanti- 
N N 

ties of HCl — or NaOH — to definite amounts of the different media. The 

I I 

standards were first approximately fixed by the addition of the requisite 


N 


■N 


amounts of HCl or NaOH to 50 c.c. quantities of the different media. 

The flasks were then sterilized at i 3 o°C. 'for twenty minutes and the pH 
values accurately determined afterwards. It was found that there was little 
or no change in those standards on the acid side of true neutrality as a result 
of autoclaving, while those at the alkaline end had altered considerably 
towards the add side. These were further readjusted to the desired pH by 


the addition of fresh NaOH Precipitates were thrown down in 

Richards’ solution and potato extract in those standai'ds to the alkaline side 
of the true neutral point. These were allowed to settle to the bottom of the 

'flasks and the supernatant liquid - withdrawn for inoculation. ~ mannite as 

' <5 

used, by'Webb was also included in.the series for purposes of comparison. 
The standard .at. the extreme alkaline end of the range in' each case was 
beyond the limits/ofthe indicator msed and is designated 10-f*. The , pH 
limits and,,-optimum for, growth of the Fusarumi sp. used in the present 
investigation were also determined'.. 

. ■' Drop cultures inoculated- with '^the ,spores of "the appropriate ■ "fu'ngiiS' 
were^s.et„':,-up as„described in: the earlier. part' of the' paper and ' , incubated "at 
32 - 5 ® C. ■ The results'are shown in the following tables, and are graphically 
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represented in Figs. 4 and 5, The curves are developed from the measure¬ 
ments taken after ten to twelve hours’ growth. 


Table V. 

Growth of Fusariiim sp. in Richards’ Solution of various 
Flydrogen-ion Concentrations. 


pH. 

^•7 

2.3 

3*1 3*9 

5*5 

6.7 

7-4 S.7 

9.3 10 -f 

6 hrs. growth 

0.0 

0-0 

0*0 0-77 

1.3 

1.6 

2.1 2.7 

3.4 1,2 

11 hrs. growth 

0*0 

0-0 

0.63 4.7 

6-0 

6.3 

8.4 10.5 

12.0 5.1 


Table VL 

Growth of Botrytis cinerea in Richards’ Solution of various 
Hydrogen-ion Concentrations. 


pH . 

1.7 

-*5 

3-1 

3*9 

.5-5 

6.7 

7*4 

8.7 

9'5 

10 -r 

6 hrs. growth 

0*0 

O.QI 

1.9 

3.4 

2.6 


1.1 

=•37 

o.i 

0*0 

II hrs. growth 

0-3 

2.6 

3*0 

5-S 

6.2 


3.6 

-•3 

1*0 

0*0 


Table VIL 

Growth of Fusarium sp. in i\ppie Extract of various 
Hydrogen-ion Concentrations. 


pH . 

1.4 

3.3 

3-4 4-3 5-0 5'9 

7.2 

S‘4 

9*5 

10-r 

13 hrs. growth 

0*0 

0*0 

0.76 3.0 3.D 4.7 

Table VIII. 

6.3 

7*3 

7*5 

6-0 


Growth of Botrytis cinerca in Apple Extract of various 
Hydrogen-ion Concentrations. 

pH * 1*4 2.2 3.4 4*3 5.0 5*9 7*2 8-4 9-5 10 

11 hrs, growth o-o 1.4 6*6 8*4 8.6 9.7 11.6 ii-o 6-6 2*1 

Table IX. 


Growth of Ftisarimn sp. in Potato Extract of various 
Hydrogen-ion Concentrations- 


' p H . 

1*5 

2*3 

3*3 

4.2 

5-3 ■ 

6.5 7.1 

8*5 

9*3 

10 + 

6 hrs. growth 

0*0 

0-0 

o-iS 

0.56 

1.6 

1.6 17 

1.7 

1.6 

1.8 

12 hrs. growth 

0*0 

t*5 

6-4 

9*9 

H*7 

16*1 17*3 

14*3 

14*3 

14.2 


Table X. 

Growth of Botrytis cinerea in Potato Extract of varioos 
Hydrogen-ion Concentrations. 


■ pH .' 


3*3 

■■ 3*3 ■ 

4*3 ' 

■ 5 * 3 ' 

6.5 

7.1 

8.5 

■9*3^. ■ : 


'6 hrs. growth ' 

■',0-0 ' 

0.65 

1.6 

i‘6 

3*1 

2.8 

^*5 


'■ 073 

■0*46 

TO hrs. growth 

, 'o*d 

i-S 

; 5.2. 

6*0 

6.4 

6.4 

'7*3 

4.8 

■ 2*1 

X7 
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Table XI. 

M 

Growth of Fusaritim sp. in — Mannite of various Hydrogen-ion 

5 

Concentrations. 


pH. 

1.9 

3-0 

4-2 5*4 

6 *S 

7*9 

8-5 

9.3 

10 + 

12 hrs. growth 

0 

c 

3.4 8.6 

8-3 

8.1 

7.6 

6.7 

2*3 

Percentage germination 

0 

0 

96 ICO 

100 

100 

100 

97 

89 




Table XII. 






M 

Growth of Botrytis cinerea in — 

s 

Mannite of various 




Hydrogen-ion Concentrations. 




plL 

1.9 

3-0 

4.2 5.4 

6.8 

7.9 

8-5 

9.2 

10 + 

II hrs. growth 

0-67 

3-3 

9*9 11*3 

5.2 

0 

0 

0 

0 

Percentage germination 

90 

97 

100 100 

9 S 

0 

0 

0 

0 
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Fig. 4, GrapMcal representation of the g;rowth of Botrylis cinerea on Richards’ solution, 

'■ potato extract, apple extract, and -—mannite of different hydrogen-ion concentrations. 

: , 5 

Reference to Tables V to XII and Figs. 4 and 5 shows that the pH 
limits and optimum for growth of the two fungi used are not absolute in 
either case, but depend on the medium on which the fungi are grown. 

In the case of Botrytis cinerea grown on Richards’ solution, potato 
extract, and apple extract, the optimum growth was obtained round about 

M" 

the point of true neutrality. On -;r mannite, Fig. 4 shows that the crest of 
the curve is w'ell on the acid side, the optimum growth being obtained in the 
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medium having a hydrogen-ion concentration of pH 5*4. Beyond' this 
point there is a rapid diminution of growth with decrease in hydrogen-ion 
concentrationj germination being totally inhibited in cultures having a pH 
exponent 7"*9 and higher. The pH limits for germination of spores of 
M 

Botrytis cmerea in mannite shown in Table XII are in accord with the 

5 


results obtained by Webb. At 22° C. he got 46 per cent, germination at 



1 ■ 2 3 4.5 ^ 6 7 8 9 ,, ID 


Fig. 5. GrapHcal representation of the growth of Fttsariuni sp. on Richards’ solution, potato 

extract, apple extract, and ~ mannite of different hydrogen-ion concentrations. 

5 

pH' 7*0, and no germination at pH 7*4* Table XII shows that the limit on 
the alkaline side lies between pH 6-8 and pH 7*9. The maximum germina¬ 
tion which he obtained was 90*2 per cent, which occurred at pH 3-1. In 
Tables'XI and XII the percentages of germination obtained in the different 

pH standards of ~ mannite are recorded, and will show that such test would 

; " ..'S,; V 

be of Tittle value as a basis of comparison in the present case. " The' gtx- 
mination ';percentag'es' '''obta'med' By. W appear to be '' unusually' low,,''even 
'for^a mediumxontainmg, mannite as, the sole nutrient. „ 

■ K 
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The pH limits and optimum for growth of Ftisarium sp. vary accord¬ 
ing to the media used. Potato extract gives germination within the limits 
pH and pPI 10+ with maximum growth about the neutral point In 
this medium Fusarium sp. appears to be very tolerant of a relatively high 
concentration of OH ions, giving comparatively good growth in cultures of 
pH greater than 10. In Richards* solution and apple extract maximum 
growth is obtained in the alkaline end of the range, viz. at pH for the 
former and pH 9-5 for the latter. The pH limits of growth on these two 
media are very similar, germination being obtained within the limits pH 3“4 
and pH 10 4 in both. When grown on mannite, Fusarium sp. showed no 
very pronounced maximum, but gave good growth within the limits 
pH 5*4 and pH 8-5. There was no indication of a secondary maximum as 
observed by Webb. 

In the media used Fusarium sp. appears to be more tolerant of OH ions 
than Botryiis cinerea^ while the latter can germinate at higher hydrogen-ion 
concentrations than can the former. In general, OH ions appear to have 
a greater inhibiting effect on the growth of both fungi than H ions. Pecu¬ 
liar formative effects were noticed in cultures which were obviously unsuit¬ 
able for germination by reason of their high hydrogen-ion concentration. 
For example, spores of Botryiis ciuerea in apple extract of pH !2*3 appear 
to bud like a yeast, while spores of Fusarium sp. in cultures of Richards® 
solution of pH 2*3 produce misshapen germ-tubes after twenty-four hours 
such as are never observed in a normal nutrient medium. 

Precipitation with alcohoL It has already been established that the 
germinative capacity can be partially restored to a staled medium by boil¬ 
ing. This suggests the presence of something of enzymatic or volatile 
nature. Preliminary attempts have been made to isolate some of the staling 
products by applying to the staled medium the technique of enzyme precipi¬ 
tation, the method being as follows: To %o c.c. of the staled liquid were 
added 80 cx. of absolute alcohoL . The precipitate formed was filtered off 
and the filtrate evaporated to dryness. The residue left on the filter-paper 
was dried so as to get rid of the last traces of alcohoL Both residues were 
taken up in 10 c.c. distilled water. Equal proportions of each of these solu¬ 
tions, were reunited again and the germinative capacity of solutions of the 
■residues separately, and united, tested by the usual method. ' It should be 
pointed out that it is at present impossible to say what proportion of the 
nutrients present is precipitated by the alcoholic treatment The takingup 
of both residues in 10' c.c, quantities of water is purely arbitrary and may in 

■ no w^ay represent the concentration of nutrients in the medium. '.Controls 

■ in which'the tiRstaled medium was, treated in exactly the same, manner were 

carried out ^at the, ,sam,e time. The results, shown in Table XI II are typical 
''Of',,:those''''.ob'ta,me^ treatment"^ 'In, the table,/Staled, res..®'„re.fers'tO' 

the solution obtained by the additioa,of,io.cx. of,water to.thC''precipitate 
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formed by the addition of 80 c.c. absolute alcohol to 20 cx. staled medium* 

® Staled fil ^ denotes the solution obtained by the addition of 10 cx. water 
to the residue left after evaporation of the alcoholic filtrate to dryness. 

' Staled res. + fil/ indicates equal quantities of both solutions mixed together. 

Table XIII. 

Staled. Staled res. Staled fil. Staled res. +fiL 

Bot. growth. Bot. growth. Bot. groivth. Bot. growth, 

R.S.F. 8 0-0 5.2 1-6 2*1 

R.S.F. 14 0-0 4.5 0.0 0*0 

R.S.F. 1(5 0-0 1-9 0*0 0-0 

R.S.F. 20 0*0 0*0 0*0 0-0 

The effect of the alcohol treatment on Richards’ solution is shown in 
the following table. The result quoted is the average of four separate pre¬ 
cipitations. 

Table XIV. 

B,S. B,S. res. B.S. fil. R.S, res. + fiL 
Botrytis growth 12.0 15.9 4*4 12.0 

The same treatment has been applied to staled and unstaled potato and 

apple extracts with parallel results. In the early stages of the staling pro¬ 
cess, treatment with alcohol deactivates some of the growth-inhibiting 
factors. The effect becomes less apparent as the medium becomes increas- 
ingly staled. The results obtained from similar treatment of unstaled 
Richards’ solution help to explain the comparatively good germination 
obtained in the staled residue. Treatment with alcohol precipitates most of 
the nutrients present in Richards’ solution. The taking up of the precipi¬ 
tate and the residue from the alcoholic filtrate each in loc.c. of water results 
in a greater concentration of nutrients in the former and less in the latter 
than that present in the original medium. Hence the greater growth in 
‘ R.S. res ’ and smaller growth in ‘ R.S. fil’ than in normal Richards’ solu¬ 
tion, while the reconstituted ‘R.S. res.-t-fil’ gives similar growth to the 
control. 

' The reconstituted staled medium gave a liquid which was less staled 
than the original It is not at present clear where the deactivation of 
toxic substances takes place. The fact that the ^Staled res/ gave greater 
growth than the ‘ Staled fil’ does not necessarily indicate that the former 
contains less toxic substances than the latter, since the control experiments 
show that most of the nutrients are precipitated by alcohol 

Ether extraction. An attempt was made ' to. extract soluble toxic 
organic substances which' ■might.; he present by treating staled Richards’ 
solution with ether, but only with negative results., 

■k: 2 
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Oxalic acid. Tests for the presence of oxalates in the staled media 
gave negative results. 

Filtration, The effect of filtration was tried by forcing a nine-day stale 
Richards^ solution through a collodion membrane at a pressure of 50 cm. 
Hg. The membrane was prepared according to the method of Brown ( 2 )s 
and In the nomenclature of the author would be described as a 90 per cent, 
membrane. The filtrate was inoculated with spores of Botrytzs cinerea^ 
control cultures in staled and iinstaied Richards’ solution being set up at 
the same time, and incubated for twelve hours at ao° C. The results are 
shown in Table XV. 

Table XV. 

R,S. R.S,F^, Filtrate. 

Bobyiis growth 120 o 2-0 

The result shows that some of the growth-retarding substances are 
removed from stale Richards’ solution by passage through a collodion 
filter. It is quite possible that by using less permeable membranes still 
more of the toxic substances present may be removed from staled media. 

General Discussion. 

The three standard media used in the present investigation are found 
to give characteristic types of staling when sown with spores of Fusarimn sp. 
On Richards’ solution the fungus grows luxuriantly and stales the medium 
comparatively slowly. Potato extract is a less favourable medium for mycelial 
development, but the staling process here is extremely rapid, the stage of 
complete inhibition of germination of spores of Botryiis cinerea being 
reached, under the conditions of the experiment, in three or four days. 
Apple extract is a very unfavourable medium for the growth of Fusarium 
sp., the fungus never getting beyond the stage of forming a thin covering of 
mycelium over the culture medium. The staling process is correspondingly 
slow, but is exceptional compared ..with that in Richards’ solution, in that 
complete staling is reached with slight change in reaction of the medium. 

'■ ,Gn all' three media the fungus causes a decrease in hydrogen-ion con¬ 
centration. ' It Is difficult to specify to what extent this change is respon- 
sible'for the toxicity of staled liquids. ' The , restoration of its germinative 
"capacity to a slightly staled medium by readjustment of its pH value ■ approxi¬ 
mately, to that of the original would indicate that the latter is a limiting 
factor in such, cases.' .At a later stage, in the process, however, correction'of 
■the ,pH 'value has,, no apparent effect, in -promoting germination and growth, 
doubtless due to the"accumulation- of other inhibiting factors. ■', -The, experi¬ 
ments on the growth of Pzisariim-'•^wl 'Boirytis 
hydrogen-ion concentrations of: different media show that the-pH .iimit-s of 
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growth depend both on the fungus and on the medium,* Since the medium 
is continually changing during the staling process the pH limits of growth 
may alter in consequence* For this reason the'influence of the change in 
reaction is difficult to determine, but in general it appears to be concomitant 
with the staling process and within wide limits is not, in all probability, 
a limiting factor in germination and growth. The effect of boiling in pro*, 
moting growth in slightly staled media shows that some of the inhibiting 
factors are of a thermolabile nature. The accumulation of thermostable 
toxic substances is sufficient to obliterate the effect of boiling at a later stage. 

The nature of the thermolabile toxic substances is at present not clear. 
Previous work has shown that the production of NH3 by some fungi has 
a retarding influence on their growth and development, the amount of NH3 
produced depending on the medium. Although the presence of NH^ could 
be demonstrated in the staled solutions in the present case, the quantity did 
not appear to be sufficiently in excess of that present in the controls to 
account for the thermolabile toxicity of staled solutions. 

The results obtained from the alcoholic precipitation of staled media 
are difficult to interpret at the present stage. The important point which is 
clearly established is that in the early stages of staling alcoholic treatment 
deactivates some of the inhibiting factors. 

Table XV shows that filtration through a collodion membrane removes 
some of the injurious factors from stale Richards" solution, indicating that 
some of the toxic substances present in stale Richards’ solution are colloidal 
in nature. 


Summary. 

When grown for a time on Richards’ solution, potato extract, or apple 
tximcty Fusarium sp. renders the medium unsuitable for further growth. 

The toxic action of the staled media is not specific ; spores of Boirytis 
Mnerm are more susceptible to the metabolic products ofFusarmmsp, than 
are the spores ofitself. 

The criterion of the progress of staling has been the degree of inhibi¬ 
tion of germination and growth of Botrytis spores when sown in the staled 
media., 

Fusarium^ sp. grows luxuriantly on normal Richards’ solution, the 
staling process being gradual. The reaction of the medium becomes'alka¬ 
line, the pH value changing from 4*0'to 8*0 in about two weeks under the 
conditions of the experiment. 

, .Growth on ■ Richards’ solution, containing 0-05 per cent KHgPO^' pro¬ 
ceeds slowly at first, but,increases steadily, and at the end, of two . weeks 
closely approximates to,:,that on normal Richards’ solution^' The; reaction 
of the medium' changes from about- pH 4*5 to pH 9-0 in .two weeks.' 
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Potato extract is a less favourable medium for the growth of Fusarium 
sp., the maximum development being reached in about six days. The 
extract stales very rapidly. The reaction of the medium quickly becomes 
alkaline^ the pH value changing from 7-0 to 9-1 in six days. 

The growth of Fusarium sp. on apple extract is very meagre and the 
staling slow. The active acidity of the medium is reduced from pH 4-6 to 
pH 5*3 ill eleven days, after which there is no further change in hydrogen- 
ion concentration. 

The retardation of growth on staled media is not due to lack of 

niitrients. 

In the early stages of staling the inhibiting action of a staled medium 
on germination and growth can be partly removed by boiling. 

When the hydrogen-ion concentration of the medium has been altered 
considerably by the growth of the fungus, the growth-retarding effect can 
be partly removed by restoring the pH value of the staled medium approxi¬ 
mately to that of the control. 

Boiling and correction of the pH value have a cumulative effect in pro- 
motiiig growth in a staled solution when separately they may be ineffective. 

The pH limits and optimum for growth of Fusarium sp. and Botrytis 
cinereit depend on the medium. 

Within wide limits the pH value of a staled solution does not appear 
to be a limiting factor in growth. 

Filtration through a 90 per cent, collodion membrane removes some of 
the toxic properties from a staled medium. 

The toxic substances in a staled solution are partly deactivated by pre¬ 
cipitation with alcohol; the reconstructed medium is less ' stale' than the 
original. 

- The author wishes to express his. indebtedness to Professor V. H. 
■Blackman, who suggested the present investigation, and to Dr. W. Brown 
for, his continuous interest, and valuable assistance throughout its prosecution. 
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The Physiology of Fusaritim coeruleum. 


BY 

ENID S. MOORE, Ph.D. 

With Plates VII and VIII and ten Figures in the Text. 

t JNTIL recent years, rots of the potato due to species of Fusarium have 
^ been the subject of much confusion and dispute. The old name 
F, solani was shown by Appel and Woilenweber ( 1 ) to include several 
distinct species, distinguishable both on morphological grounds and by their 
behaviour as parasites. WoIIenweber’s ( 23 ) systematic subdivision of the 
genus emphasized the distinction between species which produce only a rot 
of the tubers and those which may also cause wilt by attacking the vascular 
system. Both Carpenter ( 5 ) and Link ( 18 ) have contributed towards the 
establishment of a morphological and physiological distinction, whilst 
Sherbakofif (21) enumerates no less than sixty-one distinct species and 
varieties of Fusarium isolated from rotted potatoes. 

Amongst the authors already named, and others quoted later, is to be 
found some account of the morphology and cultural characters oi Fusarumi 
coentletmi^ (Lib ) Sacc.; the only comprehensive description of the organism 
is, however, that of Pethybridge and Lafferty ( 18 ), who deal with the 
general characters of the fungus on vegetable media and with its behaviour 
as a wound-parasite. They establish beyond doubt that it is the true cause 
of the dry-rot of potatoes in storage, where it is responsible for considerable 
losses, especially in the early months of the year. 

The present investigation was undertaken with particular reference to 
the physiology and pai'asitism of the organism. 

Experimental Methods. 

. , Two. strains of Ftisarumi coeruletim been used in the course; of. 
the investigation. One (C) was obtained from the Central Bureau at 
Amsterdam,, where, it was originally identified by Woilenweber..' Later 
experiments' were'" carried"' out with' a' culture (4)' .isolated ..’in: March'. T 'psa.: 

[ Annals of Botany,'Vol..XXXVni.N'0,CXLIX.'January, IQ24-]'' ' 
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from a potato showing characteristic dry-rot. In both cases the starting- 
point was a culture originating from a single spore. The second strain, 
whilst typical both in morphology and in pathogenicity, differed from the 
Amsterdam culture in several points. It had a much stronger capacity for 
colour-production^ and comparative trials showed it to be a much more 
vigorous parasite. It differed also in the readiness with which it produced 
conidia. Strain C always tended to develop chlamydospores rather than 
niacroconidia, and the latter did not usually appear until the cultures had 
reached a considerable age. With the new strain, on the other hand, 
macrocoiiidia were formed readily in young cultures, and appeared in 
abundance on many media, both scattered over the mycelium and aggregated 
in buff-coloured or blue-green spore-masses. 

Vegetable media were used in the first instance, for the preliminary 
study of the organism. On potato agar (thick) a vigorous, white, erect 
mycelium is developed, and the characteristic indigo-blue colour appears in 
the substratum. The same colour arises in culture on cooked potato plugs 
and also frequently on inoculated raw tubers. On a more dilute medium 
(potato-extract agar) no colour appears, and the erect aerial growth tends to 
be replaced by a weft of horizontal hyphae forming a smooth surface film. 
On Oiiaker-oat agar, brilliant purple appears in the substratum underlying 
a vigorous ■ aerial mycelium. On oat-extract agar both colour and the 
erect habit are suppressed. " On cooked rice a red-purple is developed. ■ On 
the weaker media macroconidia were formed earlier, but not abundantly, 
■whilst chlamydospores frequently developed in great numbers. 

These early preliminary experiments emphasize the great variation 
shown by , the fungus, not only in the type and relative abundance of repro¬ 
ductive organs, but also in the development of colour and in 'the habit of 
growth. Sherbakoff (Lc.) in fact remarks that ^it might appear ■ at first 
glance that the variation of these fungi is so great as to leave no firm ground 
for morphological treatment of the group'. His own examination of forms 
of Fmarium was carried out on vegetable media, such as potato'agar, potato, 
rye straw, oat grains, &c. 

„ It was thought that light might be thrown on the variations' noted 
.. above and their relation to the environment if a closer study were made' of 
■growth' on synthetic media. Several media have been tried', but eventual]}?’ 
the formula devised by' Coons ( 7 )^ was taken as a basis and modified in 
\^arioiis ways'. as/the' experiment demanded- Unless otherwise stated, the 
media were , in all cases adjusted to definite H-ion concentration (pH ■6-5 
■approx'imately).' ■ Sterilization was' usually effected by steaming for'three 
successive days,. althO'Ugh media were occasionally autoclaved at izo'"^ C.' 

' ^ Coons^ naedliim, ■■nomaJ'^ strengt'b.,.''..'is;''KH2p04.,;'M/ioa, MgSO,!'M/500," ■maltose ■■■M/i00, 
'asparagin M/IOO', , In.,the experiments'described-the two first'constituents are" indicated by .S’., . . 
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The examination involved: 

- I. Petri-dish cultures of the fungus inoculated at a central point on 
media containing a per cent. agar. The diameter of the colony was deter-, 
mined by measurements in two directions, at least two parallel cultures 
being used for each trial. 

2. Plask cultures of the fungus in liquid media, for the determination 
of dry weight of mycelium formed. Change in reaction of the medium 
was examined in these cultures also, by means of one or other of the 
colorimetric methods described by Clark (6). At least two similar cultures 
were inoculated for each test, and when possible a larger number was used* 

3. Measurement of the rate of germination of spores in liquid media, 
using the technique described by Brown (3). 

P'or inoculation a water-suspension of spores (preferably unaccompanied 
by mycelium) was introduced by means of a sterile loop or pipette. Pre¬ 
cautions were taken to ensure uniformity of inoculation and of controllable 
external conditions throughout each series of cultures. 


hifluence of Temperature. 

Some of the temperature-relations of F. cocrnleum have been examined 
by Edson and Shapovalov (8), who adopted as their standard of measure¬ 
ment the diameter of the fungal colony upon potato agar. They concluded 
that the growth optimum lies at about 25° C., while the minimum and 
maximum lie at C. and 30® C. respectively. At the latter temperature 
the spores do not germinate. 

These conclusions have not been fully confirmed in the present 
investigation by the three methods outlined above. Preliminary experi¬ 
ments on potato agar indicated that the rate of expansion is greater at 20° C. 
than at 25° C., while growth, although slow, is still possible at 30*^ C. In 
another representative trial a synthetic medium was selected, consisting of 
S-f KNO3 M/50 -1-sucrose M/20. This was'used Both at the concentration 
given (medium I) and also at half,.the total concentration,(medium II).., In 
both cases" 2 per cent, agar was added, . The following figures represent the 
average obtained from five similar cultures (C): 


Groreih on Solid Media at Different Temperatures, 


,, Incubation Temperature, ® C. '| 
piam. (mm.) .after ' 5 da,ys. ■ ' ,.j 
SJ JJ 4 J7 , ' ' ■ 

3,J , ',*3 , ^ n ; 

, . >3 ,, , / ' '37'' ■ ■ i 


Medkmi I. 

5 ° 15“ 30 ° 25° 30° 

'o 6*7 ii-o 12-0 o 

o 9.2 i6*3 16^7 — 

o 1 7*4 33-3 2S-0 — 

o 35*7, '55*7 . 44*o' .4*2 


Medium IL 


5" 

15° 

20° 

- 25®" 

„ .30°' 

0 

5*3 

10-0 

I0‘6 

,.o 

— 

■'10-4 

15.0 

14.5 , 

0 

— . 

", 16.S 

■ 3 ' 0*4 

26*0 

0 

0 

34-2 

53*4 

46*0 

,2.2 


These, measu,rements (represented -.graphically in'Text-fig. :'i) 'again 
.indicate 'that on both media the Temperature allowing.; maximum'"growth 
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lies between 15° and 2 5° C., and probably between 30° C» and C. A slow 
and stunted development occurs at 30° C. In another experiment it was 
found that during thirty-seven days extensive growth had taken place at 
5° C., although none was apparent at the close of the ten-day period of an 
earlier trial* 

Marked differences were noticed in the type of growth developed at 
different temperatures. At f C. the fungus produces a thimweft of vege¬ 
tative hyphae^ forming a film over the surface of the agar. At 15° C. 


Medium X Medium IT 



5 10 15 20 25 30 5 10 15 20 _ 25 , 30 

Temperature °C Temperature P‘C 

Text-fig. i. Graphs showing the rate of increase of colonies on two different mediSj 
at temperatures between 5° and 30° C. 

a, scanty and diffuse aerial mycelium is occasionally present, whilst the 
extensive surface film bears abundant conidia. At 2o"''C.'the aerial growth 
is much more vigorous and compact, and the surface film is limited to the 
■peripheral zone of the colony. This film is still more restricted in area in 
the'cultures, incubated at C., and is absent altogether at 30"^ C. At the 
latter, tempe,rature the beginning of■ growth is delayed and uncertain, and 
failed : in,'ten'out of the twenty cultures examined. In the cases where 
growth'had started,, the colony consisted of a small dense tuft of compact 
aerial myceliumkwell .raised above the. agar, and with crinkled and crenate 
margin. , A deep blue or purple colour developed gradually, while cultures 
at , lower, temperature , . remained colourless. The typical appearance, of 
,co|onies'on syntheticmedium.! is’shown In Pi, VII/Fig. i, ' ' 

;v dete,rm,ination was made of the dry''weight of,unycelmin 
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formed in seven days in the synthetic medium L The figures given repre¬ 
sent the total weight obtained in three flask cultures at each temperature 
(strain C). 


Grozvtk in Liquid Media at Dijjere 7 it Temperatures. 

15° c. 25'='C. 30° c. 

Dry weight of mycelium (grm.) o«ii6 0.247 ^ 

It was repeatedly shown that no appreciable growth takes place in 
flask cultures at 30° C. 

The Amsterdam strain, as already stated, presented difficulties with 
regard to spore-germination tests, and only one trial was therefore made 
with it. The experiment was repeated, using coiiidia from the newly- 
isolated strain (4), when the same synthetic medium (I) was compared with 
Coons’ medium (normal concentration). The following measurements were 
obtained : 

Average length of germ* tube 
(7 hrs. germination): 

Coons’ medium 
Synthetic medium I 

It appears that spores germinate more rapidly at C. than at 
20° C., and that under the conditions prevailing in an isolated drop of 
medium they germinate readily at 30'^ C., but do not continue a vigorous 
growth at that temperature. 


°c. 


15 

20 

25 

30 

0-9 

4*3 

7*7 

1*3 

1*5 

4.6 


3.8 


The Thermal Death-point of F, coertiletmu 

In 1909 Longman (14) examined the heat resistance of spores and 
mycelium of a fungus causing a dry-rot of potatoes, and described by her 
under the name ^ Fusarium solani \ It is doubtful' whether her fungus is 
identical with F. coeruletim, or whether it is-one of the wilt-producing type. 
She states that the coiiidia survive a temperature of 64-65° C. for ten hours 
if heated dry, but are killed at 50® C. 'when wet. 

Preliminary experiments, with conidia of F. coertiletmi (C) showed that 
very few spores germinated after heating in water for twelve minutes at 
44-46° Ck Tn repeating the-trials wflth younger conidia of strain 4, the 
following method rvas adopted-: A ■ suspension of spores -in water was 
'heated'in a water-bath, samples being'pipetted out at, intervals and added 
to a weak nutrient solution. This,'was placed in-drops on' slides, and kept 
for a long period under conditions favourable for germination.' ' The results 
are given below. , , 
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Effect of Heat (41-46^ C.) upon Germination Capacity. 


Temperature. 

Time heated 

% germinated afte 

r 


(min.). 

22 hrs. 

42 hrs- 

66 lirs. 

41 

2 

98 




5 

98 




10 

99 




15 

89 

90 + ... 



40 

2 

91 


43 

2 

96 




5 

95 




10 

47 

92 



17 

3 

89 


45 

2 

94 




5 

0 

S 3 



10 

0 

^5 



15 

0 

0 

0 

46 

2 

16 

55 



5 

0 

48 



10 

0 

0 

0'5 


15 

0 

0 

0 

Control 

0 

98 




These figures indicate that the treatment, whilst not actually killing 
the spore, may yet retard subsequent germination, to a greater or less 
extent, according to both the duration and intensity of the heat applied. 
A closer examination was made of the injury—expressed in terms of delayed 
germination—resulting from heating in water, at one temperature, for a period 
varying from two to ninety minutes. The temperature selected was 4a-o- 
C., the ' spores being subsequently incubated in drops of nutrient 
medium at iff C The results given below show that heating at' this tem¬ 
perature for over an hour is required to kill all the spores, whilst, treatment 
for eight to ten minutes is sufficient to produce appreciable' retardation 
of germination. 

Effect of Heat C.) upon Germination Capacity. 


Time keaied {min.). . % gerjuimited after 


42 -o- 42 ' 5 °C. 

16 hrs. 

25 lirs. 

40 hrs. 

4 clays. 

0 

92 




2 

97 




■ 4. 

100 




S 

S9 

97 



10 

66 

93 



" 12 

54 , 

94 



'■16', 4 

3 

94 




10 

62 

SS 


24', 

2 

24 

91 


'28 

0 

13 

82 



0 

7 

. 75 


' 41. 

■ 0 

0 

28 


. 48 ■' 

" 0 

0 

XI 

Many nngerminated. 


0 

0 

;"4 '' 

' Few germinated. 


: 0 ' , 

0 

■ 0 

0 

The ' effect is 'the 

same, whether the 

spores 

are heated in,a dilute' 
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nutrient solution or in water. Dry heat produces slightly less injury in the 
longer periods of treatment. 

It was noticed also that a prolonged exposure (twent^^-two hours) to 
a temperature as low as 36° C. is sufficient to kill the coiiidiaj whilst trial 
showed that none survive six da}.^ treatment at 30-33® C., either submerged 
or dry. 

These results are of interest in relation to the death-point of the fungus 
in an infected tuber. Inoculated tubers showing advanced rotting ivere 
cut into blocks measuring approximately iz cm. in each direction, and placed 
in tubes of heated sterile water for varying periods. Subsequent incubation 
on agar showed whether the fungus was still living. It was found that 
while heating for thirty minutes was sufficient to kill the fungus at 



Text-fig. 2. ia) Conidia germinating in nutrient agar under reduced aeration, and showing 
the early formation of chlamydospores. (X250.) (<?) Conidia, under reduced aeration, becoming 

converte*d into chlamydospores. ( x 425.) 


certain death did not result from even four hours' treatment at 40® C. The 
fungus is therefore more resistant than Phytophthora^ which, according to 
Jones, Giddings, and Lutman (12), is killed by the latter treatment, which, 
however, does not harm the germination capacity of the tuber. 


Aeration, 

The effect of aeration has not been studied in detail, but certain isolated 
observations may be worth recording. It was noticed that chlamydospores 
were produced almost immediately by conidia germinating in nutrient agar 
under'conditions of reduced aeration. Sometimes the spore appears at the' 
end of a short germ tube, as a terminal swelling whose walls subsequently 
thicken. , 'Frequently the conidium. itself - is, converted to a chlamydospore, 
one or twO' of ,,its ceils' becoming densely, granular at the expense',, of the 
"Others, and' developing' ,the typical-thick' wall.' The formation -of-such, 
chlamydospores, is,,shown in. Text-fig.'ll. 

'Colour-formation appears to''be dependent on sufficient'-aeration,''"since" 
in liquid cultures the ,blue 'colour 'arises first (and often ,exclusively),','in,„"the 
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part of the exposed to air. The submerged weft remains colour™ 

less, and the contrast is very marked, especially in flask cultures containing 
a considerable depth of liquid. 


Range of Acidity and Alkalinity tolerated by the Ftmgns, 

It is stated (Pethybridge, 18, p. !^o8) that this fungus develops alka¬ 
linity as the result of its growth-, whether on artificial media or on an 
infected tuber. He further states that the colour formed varies from red to 
blue, according to the acidity or alkalinity of the medium. 

The exact range of reaction at which growth is possible has not hitherto 
been determined, and the following investigations were carried out with 



Text-fig, 3. Graph showing the length of germ tube develox^ed in media at various H-ion 

concentrations. 


this object in view. Preliminary trials of spore germination were first 
made, using apple extract and potato extract, adjusted to definite pPI values 
by the addition of NaOH or. HCL These were repeated, using a synthetic 
medium. (S. + asparagind'sucrose).. The data obtained in various experi¬ 
ments are. shown graphically in Text-fig. 3, and indicate that conidia of 
Ffisarimn coertdeum can germinate over a' very wide range. The' maximum 
acidity .tolerated'lies a little below pH 3*0,-whilst growth is still possible 
at .'pH ,11 *.0. ' 

' ■ ..It has already ..been pointed out, that the initial reaction of the medium' 
is altered by "the metabo'Iism of the fungus. Special methods must therefore 
be'devised'to',:study'the' Continued grow.th media of constant reaction. 
It was. hoped ,to,meet this difficulty by'"using a medium which, by addition 
,'Of a suitable'' buffer-mixture, would', -maintain its original H-ion concentration 
'unchanged d,urin'g. the 'progress of,'the eulture.. - Gillespie/(9).',''working '.with' 
Acimomyees ■ chroff^ogemds ,' used either ' citric, ''' tartaric,' or ■ sucdnlc. acid.'.' for 
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this purpose^ and, b}?- subsequent adjustment with NaOHj obtained a medium 
which in the case of citrate suffered usually only a small change in. exponent 
during thirty-seven or forty-eight days’ culture. 

Citric acid was selected, and was included (0*3 per cent.) in a medium 
containing S. + KNO^ M/50-|-sucrose M/io or M/ioo. NaOH or HCi 
were added in varying amounts to produce the required reaction, and the 
exact pH value was determined, from a sample tube, after steaming on 
three successive days. This medium was used both in flask ciiitiires and 
with the addition of % per cent. agar. In the former case the H-ion con» 
centration of the medium was determined again at the conclusion of the 
experiment. Typical results are tabulated below. 


Grotvth in Media containing Sodium Citrate. 


Sucrose Mjio. Su-crose i¥/ioo. 


.Initial pH 

7*4 5*S' 

3-9 

8-2 6-0 4.3 

3*0 

Final pH (9 days) 

6.2 5.5 

4*2 

9‘2 9*2 9*0 

3.0 

Dry weight „ 

0-057 

0.08S 

O.21S 0*2oS* 0.233 

0 

Diam. (10 days) 
(mm.) 

41.0 48*5 

37*5 

49'5 43*0 36*5 

0 


Two flasks of eacli liquid culture. 
Two plates ,, ,, „ 


It' will be noticed that with sucrose M/io the amount of mycelium 
formed was small, and the buffer action was maintained fairly well during 
the nine days of the experiment. In the second series, in spite of the lower 
concentration of sucrose (M/ioo), a larger amount of growth has taken 
place and the buffer action has ceased, a high degree of alkalinity being 
produced. These results, confirmed in other experiments, suggested that 
the citrate itself was being consumed, with , liberation of free alkali from the 
base. That this was the case, was proved by a quantitative comparison of' 
the amount of growth in liquid media in which sucrose was replaced by 


potassium citrate as the sole carbon supply. ' 

obtained ' 

The ■ following results were 

Medium = S. + KNOs M/50 

Initial pH. 

.' Final pH. 

Dry weight 
(grm.). 

sucrose M/50 

6.4 

5-6 

o*95i' 

. ,+ ',, ' M/ioo 

6.4 

' .5*8 

0.035 

' K citrate M/ioo 

6.4 

9-2 

0*021 , 

+'mo carbo'U compounds 

6-4 

6.3 

Negligible 


The method, therefore, was of little'service in elucidating the problem' 
.under consideration. ■ Spore-ger'mination;,trials gave results similar, to those 
with potato ,and.apple extract'^(see Text-fig.. 3). 
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Influence of the Cojicentrcition of the Medium. 

In early cultures on potato and oat agar, it appeared that the presence 
or absence of aerial mycelium was strongly influenced by the concentration 
of the medium* This point was further examined by trials upon a synthetic 
medium, diluted to various concentrations, both with and without agar. 
Coons" medium at normal strength (N) was selected as the basis of the 
series, and comparison was made with concentrations both higher and lower, 
viz* loN, 2iSr, N/ic. 

The difference in habit of the fungus on these various media ( + agar) 
is very marked. At loN concentration a vigorous aerial mycelium is 
developed, covering the whole surface of the colony. The mycelial weft 
is deeply crinkled, the corrugations being plainly visible from the under 
surface of the culture. It was noticed that, at this concentration, crystals 
(probably of asparagin) are deposited in tree-like growths in the solid 
medium* At concentration the colony is smooth and level, the aerial 
mycelium being ..surrounded by a marginal zone where a surface film only 
is present. As the concentration is further lowered, the aerial growth_ 
becomes more and more reduced, both in area and in denseness, until at 
N/io it is entirely suppressed even at the starting-point of the colony, only 
a thin and uniform film being produced. Five typical colonies are repre¬ 
sent in PI VII, Fig. c. 

■'^Corresponding differences appeared when the fungus vras grown in 
liquid media In flasks. With high concentration there is developed a strongly 
crinkled weft of mycelium, of which a considerable part stands exposed 
above the liquid, and is there coloured blue or purple. On the more dilute 
media the weft is thinner, more or less entirely submerged, and colourless. 
At N/io the weft is hardly even coherent. Measurements were made of 
colony diameter, dry weight, and of length of germ tube. The results are 
shown in the table below, and graphically in Text-fig. 4. 

Growth of the Fungtis on Media of various Coneentrations. 

ConcenCrattoM qf Medium. * 



ioN 

2N 

■ N 

N/2 

N/io 

pH after 9 clays ,. 

S*3 

7.2 

7.8 

7*0 

.7.2 

Diy' weight' (grm.) 

0,904 

0*569 

0*150 

0-058 

0*013 

days 

17*7 

16*0 

i6-2 

16-4 

i6-o 


25-0 

34*0 

23.9 

' 237 

33*7 

■ '' '■ n ■ 

31-?, ■ 

31.6 

3I-I 

30-5 

31-0 


. 40-3 

46.4 

48*1 

47 

' 47*6 

Germ tube (:2'.trials) . 

(45) 

54*8 

57*1 

56*4 

55.7 '" 


■; 1*5 .. 

1*5 

1*4 / 

1*9 ' 



:■ 2*2- 

3*1 


3*7.' 


The graphs emphasize the fact that these three sets of data, which 
represent different aspects of growth processes, indicate a very different 
response to the environmeiital factor under consideration. High con- 
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centratiorij for instances has little effect on spore germination^ but is corre¬ 
lated in the subsequent stages of growth with a greater intake of food 
materials. At the same time the outward extension of the fungal colon 
although little iofliienced at first, is in later stages retarded more markedly 
than with weaker media. 



R H n 2/? ton , 

10 2 

Concentration cF Medium 

Text-fig. 4. Graph showing the effect of concentration of mediam upon fhngal growth. 

The Metabolism of Carbon and Nitrogen Compounds. 

It has been shown repeatedly, during the course of the investigation, 
that F. coeruleum in liquid culture can readily make use of the commoner 
carbohydrates, viz. maltose, sucrose, dextrose, laevulose, starch, arabinose, 
and xylose, and can also use glycerol. The alkali salts of various organic 
acids were 'examined as' to their availability as a source of carbon. It 
appeared that whilst sodium oxalate and formate are practically unavail¬ 
able,' growth ^develops freely,mn'.citrate,'acetate, and tartrate. " A . further 
reference wiB be .made' to the'utilization of these compounds. 

' 'Both asparag'in and 'KNO3 give good ' growth on.' various, synthetic 
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media* ■ With both these compounds the medium tends to become alkalinCj 
except when sugars are supplied in relatively high concentration. In the 
first table on p. 149 and in Text-fig, 5 are shown the results of a typical 
series of trials. It will be seen that as a general rulcj with asparagin or 
KNOo at M/ioOj the medium tends to become acid with sugars at M/io, and 



M JH UL m m 

10 joo 10'—10 —V—wfOo 

Maltose ■ Dextrose Sucrose 


' ' Text-fig, 5. Graph showing the relation between the nitrogen- and carbon- 
content of the medium and the growth of the fungus. 

alkaline with sugars at M/ioo, at M/ao the results being variable. The 
question of the relation between the reaction of the medium and the carbo- 
hydrate concentration was examined further by trials on liquid and agar 
media, using a series of concentrations of nitrogen compounds and sugar. 
In one such series asparagin and maltose were employed, and in another 
various proportions of KNOg and sucrose. The results are shown in the 
second and third tables on p. 149, and in Text-figs. 6 and 7. 







Moore .— The Physiology of Fusaritmt coeruleum. 


149 


Growth of the Fungus on Media containing A spar agin i Potassium Nitrate^ 

or Ammonium Sulphate (see Text-fig. 5). 


Medium = S. + 

pH 

Diy Weight 

Diam. 

ipnrQ.), 

Aerial 

asparagin M/ioo 

final- 

(grm.). 

IT days. 

19 days. 

mycelium. 

+ maltose M/io 

4*8 

0-355 

55 

8o-f 

-t 

jj M/ioo 

+ dextrose M/io 

7’75 

0.167 

50-5 

80 + 

— 

3-4 

0*286 

5^*5 

70 + 

■f 

,, M/ioo 

8.05 

O.OS5 

54-0 

80 + 


+ sucrose M/io 

3-3 

0.371 

42*5 

60 

x 

,5 ■ M/ioo 

7-9 

0*137 

55 

80 -T 

- 

Medium = S. + 

KNOs M/50 

+ maltose M/io 

6-35 

0-330 

58 

90- 

— 

j5 M/ioo 

8-1 

0.105 

55*5 

So~ 

— 

+ dextrose M/io 

7*3 

0.358 

52*5 

So- 

-f 

5, M/ioo 

7.6 

C.062 

61 

So- 


+ sucrose M/io 

4.4 

0.286 

59 

So~ 

+ 

5, M/ioo 

8.2 

0.130 

57*5 

80— 

— 

Medium = S. + 

(NH4)2S04 M/ioo 

+ maltose M/io 

3-0 

0*133 

33.5 

23*5 


,, M/ioo 

2.9 

0.105 

36 

57 


T dextrose M/io 

2.9 

0*080 

18 

19 


„ M/ioo 

2-9 

0.0S0 

57*5 

So 

— 

+ sucrose M/io 

2.9 

0*075 

■ iS*5 

19 

— 

,, M/ioo 

2.9 

0.091 

47 

70 

(-) 


Growth on Media containmg various Concentrations of Asparagin and 

Maltose (see Text-fig. 6). 




Liquid. 


Agar. 

Medium. 

pH 

16 days. 

Colour. 

Diam. 
6 days. 

(mm.). Colour. 

10 days. mycelium. 

S. + maltose M/ioo 





+ asparagin M/50 

S.6 

— 

40*5 

61-3 

M/ioo 

8.0 

— 

.39*3 

65-5 

M/500 

6.4 

— 

39*5 

67.0 — ■ -- 

S. + asparagin M/ioo 





4- Maltose M/io 

5*4 

X + 

42*5 

71.0 4 + 4 X 

M/50 

6.4 

~ 

40.0 

67.2 ■ -> + 

M/ioo 

8*0 


39*3 

65.5 

M/500 

8.6 

- 

’ 3<5'5 

62.3 — ■ — 


Growth on Media containing various Concentrations of Potassium' 
Nitrate and Sucrose 


.. Medium, ■ 

S. + KNO3 M/100 +' sucrose ■ M/1o 


M/500 

' ' ' M/iooo 

S.:+sucrose M/ico + KNOg ■ M/ioo 
M/ioo 

, ■ ■■ ^'M/5000 

,, "M/ioo,; 


pH 

final. 

Dry Weight 

■ 

Colour. 

5.3 . 

0-642 

+ 4 

7*7 

' , 0*197 

4 -f 

7*3 

0*123 , 

, 4 , 

6.9 

0.019 


6.7 

':(o> , 

" '' ' 

7-9 

■0.105" 

■ .4 .'■ 

7-3 

0*123 

':^ ■ 4 

6-7 

■0*120 " 

.■'■/'■4"4 '■',. 

6-0 

O-IO'I'. 

■■ +'■+ 
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As a general conclusion, it may be noted that: 

I. The development of aerial mycelium (as opposed to surface film)' 
is dependent upon a minimum carbohydrate ^ concentration of not less 
than M/ioo, 

c. Colour-prodoction is largely independent of the amount of growth, 
but appears when the ratio of carbohydrate to nitrogen is high. The colour 
is usually purple or russet with asparagin, and indigo-blue with KNOg* In 



Mait ose Asparay/n 

{^Asparagh M/100) {4-Maltose M/ioo) 


Text-FIG. 6 . Graph showing the relation between the asparagin- and maltose-content of the 
medium and tlie growth of the fungus. 

agar cultures it ""appears first in the substrate, and later affects the aeria ' 
mycelium* The blue colour does not diffuse into the medium, although' the 
liquid inilask cultures' often becomes orange or pink.' ■ ■ 

' : , v 3. The weight of mycelium varies with the sugar, and is little Influenced 
by the nitrogen 'concentrations used ■ Sugar'at M/loo' sets' a, limit to,' 
growth with KNOg'as.low 'as M/i,ooo. 

' ■, ' 4.'"The rate of extension 'on a'solid, medium is" not affected to 'the' same, 
extent as'^ is, the dry, ,W'e:ight. , ' ' ' 

"' '5. A. ',' tendency ..towards.' :, development", of ,, .acidity';, in;; "the', ' .medium," -is 
aS',soci,ated with 'a relatively,, high,','.sugar'^concentratiO'n,'When 'Sugar' is 
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relatively very low, the change of reaction may be slight, on account of the 
small amount of growth possible* 

It appears that sugar concentration is the dominating factor throughout* 
When nitrogen was supplied in the form of the ammonium salts of, 
mineral acids, striking differences were observed. The utilization of such 
salts has been studied by Nikitinsky ( 16 ) and by Mediscli ( 15 ). The former 
author, working with Aspergillus sp. and Penicilliunt sp*, observed the 
liberation of free acid from ammonium salts of mineral acids. He also 
states that growth continues longer with NH4NO3 than with ITH^Cl 'or 
(NH4)2S04, and that a mixture of ammonium chloride and tartrate similarly 



Concentration of Sucrose Concentration of KNO^ 
(-{- KNO^ ffioo } ( 4 - Sucrose M/ioo) 


Text-fig. 7. Graph showing the relation between the KNO3- and sucrose-content of the 
medium and the gro-wth of the fungus (39 days). 


remains longer favourable for fungal growth. The ■ case of Hypocrea Is 
interesting, since, according to Medisch, it is unable to assimilate sucrose in 
neutral media. With NH4NO3 and similar salts, the acid liberated is 
sufficient to Invert the sucrose, and the resulting hexoses enable this fungus, 
to grow, ,If, however,' CaCOg be added to the medium, the add Is 
neiit,ralized, and, since no inversion is .possible, growth is prevented. 

'"'Similarly'with NH^Cl and (NH 4 ) 2 S 04 , F. coeruletmi can utilize the base' 
and liberate the add 'radicle. ■■ Striking results arise in consequence of The 
acidity developed. In' extreme cases, the'add is sufficient to inhibit'growth 
at an early stage, and the^ mycelium formed is^ of a remarkable' .and distinc-' 
tive type. The colony on agar is small and deeply corrugated, with a firm, 






152 Moo-re, — The Physiology of Fusarium coeruletim, 

compact., and well-raised surface. The margin is crinkled^ irregularly lobed 
or fringed, and growing deep in the agar.^ . The colour varies from orange 
to brilliant rose-red^ and is much more pronounced in the submerged part of 
the colony. It passes out from the mycelium through the whole of the iin- 
invaded part of the agar and becomes more intense throughout as the colony 
grows older. A typical colony is shown in PL VIII, Fig. 1. 

The microscopic appearance of the mycelium is also peculiar. The 
hyphae show greatly increased septation, the swollen cells being, frequently 



Text-fig. 8. i. Mycelium fiom young drop-culture on NH4Cl-f sucrose M|20, showing 
the tendency to branching and septation as the medium becomes acid. 2 and 3. Mycelium from 
similar, but older, cultures, showing increasing septation and branching as the medium becomes 
progressively more acid. 4 and 5, Mycelium from parallel cultures to which CaCOg had been 
added. Normal mycelium and coniclia have developed. 

much enlarged and distorted. ' i\bundant branching gives rise to densely- 
tufted' clusters which are plainly apparent, even with the naked eye, in the 
fringed";margin of the colony. ,No normal conidia or chlamydospores .are 
formed, and .the general appearance is that of a,mass of rounded .thin-walled, 
.spores budded off in chains. The development .of this abnormal type'of 
mycelium has .'been traced in'drop-cultures of spores in media containing 
NH^GL'and .'Sucrose.;' 'Stages showing increasing:septation and branching, as 
'gro.wth progresses.^' .are' represented in Text-fig. ;8 (1,0, and 3)...' ' 

■ " y It .. was''found that .the' abnormal."mycelium gave.' rise '.to .thC' typical, 
form, on ;traBsfer,ence...'.,...t'0,.'a" mo.re.',favourable .medium,..,' It.was also,'plainly' 
''proved' that' the '.peculiar.;condition, was "due,'directly.^ t,o the.' acid 'dev.elo,ped;, 'i,n, 

Ql5serwtlba'T4^'',bf'a,slm^ ia staled. cultureS'."Of Fmanwm sp.: 
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the medium. Comparative trials were made with a medium containing 
NH^Cl with the addition of CaCOo in suspension. In this case the normal 
type of colony is produced^ with prolonged growth^ typical aerial mycelium 
and conidia. The marked contrast in the external appearance of the colony 
(see PL VII, Figs. 3 and 4. and PI. VI 11 , Fig. 2) is equalled by that in the 
mycelium grown in drop-culture (see Text-fig. 8 (4 and 5)). The following 




Text-fig. 9. (c) Conidia germinating in medium adjusted to pH 3*o-3*5. (d) Normal 

germination of conidia in medium adjusted to pH 5.5. ( x 400.) 

determinations were made in one such series of experiments; the media ail 
being adjusted to pH 6*5 (approx.) at the beginning of the experiment: 


Grozotk on Media containing Ammonhmi Sulphate loith or zmthout 
the addition of Calcium Carbonate. 


Medium = S.+ 
sucrose M/io 
4 - (NH4)2So4 M/ioo alone 
+ ,j CaCOg 

+ (NH^Ci M/50 alone 
+ ,, jj CaCOg 


pH 

Dry weight 

Diam, 

(mm.') 

final. 

(grm.). 

7 days,. 

16 clays. 

3-0 

0-085 

13*7 


7 'i 

0*195 

,.32-7 

48-3 

3*0 

0-072 

( 13 ) 

,14 

7.2 

0-277 

30+35 

50+'.'.. 


It has already been shown that the degree of acidity here developed 
(pH 3*0) Is near the maximum at which spore-germination is possible. 
Conidia incubated in a medium of slightly less acidity showed a similar 
response to the reaction and germinated slowly; producing a swollen, septate, 
and mucli-branched, germ tube. In Text-fig. 9 are represented the t3’pes of 
germination, obtained'in' media adjusted to. pH ,3*3'and,5*5 i‘^spectively. 

With media containing' NH^Cl or (NHj2S04,. the amount of acidity 
produced and the ^ degree of the consequent morphological change are much 
influenced 'by the sugar concentration. .With sugar M/io, the, limiting, 
degree of acid,is soon'attained ;■ in .'consequence,, growth is stopped at an 
'early' stage,; „ and,, " the fungus shows, the'extreme ' type, of acid ' response 
described above. ■'' With sugar M/id.o;.however, the,acid liberation is.Iimited 
by,the reduced' carbohydrate' metabolism;, consequently tbe';'colony,grows 



154 jWi?ore.— Tk£ Physiology of Ftisaruim coeruletifn. 

for a longer time and is less extreme in type. On aga^it shows a flat^ even 
surface with broadly-lobed margin and increased septatlon. In flask cul¬ 
tures the typical acid appearance is developed. As in other cultures con¬ 
taining sugar M/ioo, no colour appears. Typical results of one series of 
comparative trials are given on p. 149. 

With NH^NOg good growth is. obtained and the medium becomes 
only slightly acidj indicating that the compound is largely used as a whole. 
(NH^l^COg behaves in the same way, and continued growth is possible also 
on ammonium oxalate^^ (M/ioo). 

It has been shown that sodium citrate can be utilized as a source of 
carbon supply, with liberation of alkali. When it w^as added to a medium 
containing (N 114)2504 and sucrose M/ao, no free acid was developed and 
abundant growth was therefore possible. 

Growth on a Medium contcdning Ammonumi Chloride and Sodium Citrate, 

Medium = S. + sucrose M/5,0 -r 1 

' ^ Initial. Final 

-fNHCl alone 6*4 3*o 

+ Na citrate ^.6 9.3 

Sodium tartrate and acetate behaved in the same ways in combination 
with both ammonium salts and KNO3. 

Effect of Varying Co 7 zcentraiio 7 is of Phosphate, 

In general KH2PO4 at M/500, M/ioo, or M/20 seems to have little 
influence on the habit and amount of growth, these being determined 
primarily by the nitrogen and carbohydrate proportions. Trials have been 
carried out using KH2PO4 at various concentrations, combined with sucrose 
(M/20 or M/200) and diflerent nitrogen compounds (see PL VII, Figs. 4 and 5, 
and PI. VIII, Figs. % and 3). Only with NH4CI was any noticeable difference 
to be ascribed to the varying phosphate. Here the development of high 
acidity (with sucrose M/20) was delayed by increasing the phosphate, so that 
the colony reached a larger size before growth was finally stopped.' This 
may perhaps be due to the buffer action of the phosphate. The vaiiation 
showH' in external appearance can be correlated with corresponding differences 
in .the hyphae as seen under the- microscope (see Text-fig. 10). ■ 

coernleum as a Pathogenic Organism. 

i, ItS'action on the celPwali, 

Previous; workers have, indicated the'means by which; this fungus brings 
about the rot of the potato after its entry through a wound. " .Pethybridge 
has stated that the parenchyma cells are first separated from one another, 
the hyphae penetrating between them, ;and "e,nteriog thern 'Cnly'^ at'a fe 


Dry weight 

(grm.). 

0-090 

0-271 
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stage of decay. Hawkins ( 10 ) has found that F. oxysporimi and F. radicicoia 
(both of W'hicli can produce rotting of the tuber) reduce the peiitosaii” 
content of the tuber and secrete an enzyme which can hydrolyse xylaii. In 
this relation, however,- he makes no statement regarding F, coertdeum. 

By employing methods similar to those used by Brown ( 2 ) with 
Botryiis^ it has been possible repeatedly to demonstrate the actual secretion, 
by F. coertileimi, of a C57tase which is capable of dissolving the middle 
lamella of the celbwalls of tuber-tissue. The fungus was grown in liquid 
media (Richards’ solution or extracts of potato or turnip), and it has been 



Text-fig. I o. { a ) The extreme ‘acid’ type of mycelium developed on agar medium con¬ 
taining NH4CI + sucrose M/20-fKH2FG4 M/pCo. {JO The less markedly ‘ acid ’ type of mycelium 
developed in a similar medium containing KH0PO4 M/20. (Compare Plate VII, Fig. 4.) 


found that tuber-tissue was disintegrated both by the culture fluid and by 
the aqueous extract of the dried mycelium. The potato- discs used for the 
test lost coherence after a few hours' treatment, the time varying from three 
hours upwards at laboratory temperature. 

With young potato shoots also, the inner tissues are disintegrated by 
the action of an extract injected into them. " The lignified tissues are 
resistant and stand out conspicuously amongst-the disorganized -debris. It 
has been found, on the other hand, that the storage parenchyma of carrot, 
turnip, and onion are markedly .resistant both to the lethal and macerating 
action of the extract. The skin of the tuber is also unaffected. 

-'2. Its^action on cell contents^ 

Hawkins (Lc.) found that F. coerukum secreted enzymes capable of 
hydrolysing- maltose,and sucrose. .The production of invertase has been 
confirmed during the present investigation. 

' has been pointed out, by Pethybridge-that the starch , grains . of 
affected" tubers-' are- -not .-'attacked-- His .statements are supported, "by^ the- 
c^temlcal analyses-of Hawkins, who. found that the total starch-content .of 
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the tuber was not reduced by the invasion of the fungus. During the 
present study it has been repeatedly observed, both in drop-cultures and in 
enzyme tests, that raw potato-starch is unaffected either by the fungal 
mycelium or by its extract. Gelatinized starch is, however, readily hydro¬ 
lysed, and so also is the soluble product obtained by grinding raw potato- 
starch with sand or kieselgiihr. 

It may here be pointed out that Day (quoted in Reichert’s Memoir, 
p. 191) ( 19 ) recognizes two constituents in the potato-starch grain: (1) an 
outer resistant covering, red amylose; (a) a more digestible inner substance, 
blue amylose. Neither constituent becomes more digestible on boiling, and 
he therefore concludes that the character of the outer part is responsible for 
the marked resistance of raw potato-starch to the action of many diastatic 
preparations. This is in agreement with Maquenne’s statement (Reicherfs 
Memoir, p. 178) that thorough grinding is as effective as heat gelatioization 
in rendering raw starch digestible. 

The Parasitism of F. coerideum. 

It is well known that the species of Ftisaritmi which attack stored 
potatoes do so in general more vigorously during the later stages of the 
rest period of the tuber. Pethybridge has proved this point by controlled 
inoculations at different times of the year. He has further shown that 
there is a marked difference in the susceptibility of different commercial 
varieties. 

Many inoculations were carried out during 19^0-3, with several 
varieties. The tubers were in all cases first washed with mercuric chloride 
or formalin, rinsed with sterile water, and then inoculated, through one or 
more, wounds, with a fragment of mycelium or a drop of a spore suspension. 
The tubers were stored in covered vessels and examined finally after an 
interval of several weeks. As with some other Fusarial rots, the type of 
decay varies somewhat with the conditions under which the potcito is stored 
after inoculation. Under the usual field conditions, and if kept in a dry jar, 
the . tuber 'dries considerably, and- the skin over the infected areas shows 
concentric .'wrinkles (see PL VIII, Fig. 5)but if the tubers' are stored in 
a, saturated atmosphere a wet rot is produced. In either case the inner 
tissues break, down to. a pulp 'of disintegrated cells, the characteristic blue 
colour '.appears ; locally, and cavities are .formed' lined with white mycelium" 
(see,;'PL . VII I, Fig., 6).' The skin is unbroken until the rot is well advanced, 

.. w.hen white or cream-coloured spore-bearing'pustules break out (seePL I/III, 

^ 

The results (givenFelow) of com'parative inGculation trials indicate '\that 
the varieties Nlnety-fold and May Queen are markedly more susceptible 
than Epicure. In Pethybridge’s trials of nine different varieties, Ninety-fo^ 
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appeared to be the most susceptible and Epicure the most resistant His 
figures for successful infections are: Ninet>^foid ico per cent, May Queen 
80 per cento. Epicure 2 per cent. 


Results of Inoculaiion Experiments with different Varieties of Potatoes. 


Variety. 

Date. 

iVi?. of 

of 


Culture 



moctilaiions. infections. 

infections. 

■used. 

May Queen 

April 28, 1921 

16 

16 

100 

C 

King C'jeorge 


18 

I 

n-6 


Snowdrop 

j' 

22 

6 

27 

5? 

Ninety-fold 

?) 

24 

24 

100 

jy 

Epicure 

Mar. 3, 1922 

n 

0 

0 


Edzell Blue 


10 

1 

10 


Ninety-fold 


10 

8 

So 

JJ 




iVa. of infections. 




Definite 

Doiibtftil. 

D'egative. 




positive. 




Epicure 

Dec. 1923 

20 7 

5 

S 

4 

Ninety-fold 

jj 

20 18 


0 


Epicure 

Feb. 1923 

20 0 

10 

10 


Ninety-fold 


19 19 

0 

0 



The existence of seasonal variation in susceptibility has also been con¬ 
firmed by the results of a large number of inoculations performed at intervals 
through the storage period* The results are given below. 

Results of Inoculations of' Ninety fold' Tubers at different Seasons;. 


Variety. 

Date. 

JVb. of 
inoculations. 

m of 
infections. 

7. of 

injeettom. 

Cidtura 

used. 

Ninety-fold 

Dec. 20, 1920 

65 

i 

18 

C 

57 

Apr. I2j 1921 

16 

6 

37 


$f 

,j ,28, ,, 

.24 

24 

100 

V 


It should be mentioned that the Amsterdam strain (C) used during the 
earlier part of the investigation was not very vigorously pathogenic. The 
new strain ( 4 ) was found, in repeated comparative trials, to be a much more 
vigorous parasite. This difference is perhaps to be correlated with the fact 
that "Strain C had been kept for ten years on artificial media,'whilst 
Strain 4 was freshly isolated from a rotted tuber. In Pethybridge's investi¬ 
gation also, the Amsterdam strain used by him appears to' have been less 
pathogenic than his freshly Isolated strain. . • 

' The, existence of both a varietal and "seasonal difference' in susceptibility 
Is, more easy to demonstrate than to explain.. The problem has been 
attacked, from various standpoints in the. attempt to correlate a difference in 
susceptibility'with'some, constant difference in the character, of the tubers' 
concerned.' ' 

It is possible ,that resistant' tubers contain some substance which 
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affects the growth of the fungus. The experiments of Pethybridge indicate 
that difference in sugar-content does not affect the liability to attacks In 
the course of the present work the H-ion concentration of the expressed 
juice of many tubers has been determined, but the maximum difference 
observed (from pH 5-8-6-i^) is negligible in comparison with the wide range 
of reaction readily tolerated by the fungus. An examination has been 
made of the germination of spores in the expressed juice of tubers of different 
sorts. Technical difficulties are involved, since the drops of juice darken and 
precipitate heavily during incubation, so that accurate measurement of the 
germ tube is impossible. This difficulty can be avoided either by heating 
the juice to 80° C. (at which temperature the proteins are precipitated and 
the colour change does not occur), or by filtering the raw juice through 
a porcelain thimble. Both methods were tried, and in neither case was any 
constant difference found in the lengths of germ-tube developed in the sap 
of the tubers under comparison. It is, of course, uncertain what alteration 
is produced by either treatment, even in the non-protein constituents of the 
juice. 

Again, it is possible that tubers may show differences in the behaviour 
of the middle lamella of their cell-walls towards the solvent action of the 
fungal secretions. Differences in the character of the middle lamella have 
been demonstrated by Valleau ( 22 ) for certain varieties of plum, and have 
been correlated with their degrees of resistance to the invasion of Sclerotinia, 
Many attempts were made to show whether a cytase preparation of 
F, coerulemn exhibited any constant difference in its action towards suscep¬ 
tible and resistant tubers. The potato-disc method already mentioned was 
used, and comparison was made of the length of treatment required to pro¬ 
duce disintegration. The tubers selected for examination were of the 
varieties Ninety-fold and Epicure, and were, in all cases tested simul¬ 
taneously and wdth the same enzyme extract. No constant difference could 
be detected either betiveen new and old tubers of the ' same variety or 
between tubers of the same age of the two varieties'" examined. Tf such 
differences exist at ali^ they cannot be demonstrated by this experimental 
method. It is nevertheless of interest to recall the observation (p. 155) that 
sections of carrot, turnip, and onion are very resistant to the action of the 
' extract.' : It has been shown by Pethybridge, and again by the author, that 
: these plants cannot be infected by F. coeruleum under the usual conditions 
of experiment. ■ 

"' .Yet'.again, it ,is. possible' that^.sinceThis fungus is a wound-parasite, the^ 
""susceptibility^ of tubers may be dependent on the nature of the wound-cork' 
or, ott'the'rapidity of . Olufsen ( 17 ) has pointed out that imm'a'-( 

',,ture, tubers react' .more quickly, to wound-irritation, whilst, Shapovalov and'^ 
/'Edson ( 20 ), 'CGnsid,er;;that( of ..CGrk-,fo,rmati,on": in, 'shrunken:,'tub'ers'^ 

^ is due to the reduced water-content.' In this connexion,it,'m'ay.be''holed'''^ 
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that the fungus could produce a rot in the susceptible variety Ninety-fold 
if inoculated on to a wound seven days* old. The rot was slower in 
developing and less certain than with inoculation on to a fresh cut wounds 
With the variety Epicure no infection resulted if the wound was more than 
three days old. Both from this and from other inoculation trials there is an 
indication that the fungus is slower in starting its invasion of the resistant 
variety. 


Summary of Results. 

I, The rate of growth of F. coeriilemn at different temperatures has 
been examined by determination of {ci) dry weight of mycelium in liquid 
culture, {h) diameter of colony on solid media, {c) the length of germ tube 
of conidia in germination drops. The maximum lies at or near 30® C., 
whilst the minimum is slightly below 5^ C. The optimum is between 
15 and 25® C., and probably nearer 20*^ C. than 15^ C. 

3 . Conidia are killed by heating for 10 to 15 minutes in water at 45- 
46"^ C., or for a longer time at a lower temperature. Where the treatment 
is insufficient to kill the spores, their germination is, however, delayed to an 
extent which varies both with the duration and the intensity of the heat 
applied. 

3. The maximum acidity tolerated by the fungus is near pH 3-0. 
Growth is still possible at pH iO‘5. There is a marked morphological 
change as a result of growth between pH 3-0 and 3*5. 

4. The carbon compounds utilized by the fungus include the commoner 
carbohydrates, glycerol, sodium salts of tartaric, citric, and acetic acids. 
Oxalates and formates are not utilized. 

5. Potassium nitrate, asparagin, and the ammonium salts of certain 
organic and inorganic acids can serve as a source of nitrogen to the fungus. 

6. The concentrations (absolute and relative) of the substances utilized 

by the fungus as sources of nitrogen and carbon profoundly affect the 
reaction developed in The medium., and hence influence the amount and type 
of' the fungal growth. The concentration of phosphate has relatively little 
influenee. ■ 

■ 7. The fungus secretes diastase, invertase, and cytase. 

, '8. The existence of both varietal and .seasonal differences' in the 
: susceptibility of tubers has' been confirmed. The difference appears to be 
due neither to varying sugar-content nor to differences in acidity of the 
expressed juice. " 'Neither can it be attributed to any difference in the cell- 
walls' of susceptible and resistant tubers-when acted upon by . a fungal 
extract.' 

I have grC'Et'pleasure in'here recording my indebtedness to Prof. V, H.' 
Blackman for his continued interest in this-.work, the greater part' of which. 
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has been carried out under his guidance at the Imperial College of ScieocCj 
partly .with the aid of a grant from the Ministry of Agriculture, The 
investigation lias been completed at the University College, Soutliamptoii, 
where Prof. Mangliam has kindly placed at my disposal every facility of Iiis 
department. 

UisnvERsiTY College, 

Southampton. 
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EXPLANATION OF PLATES VII AND VIII. 

Illustrating Dr. Moore’s paper on the Physiology of Fiisariura cocruUum. 

PLATE YIL 

Fig. 1. Two colonies developed on agar at 30^ C. (above) and 25° C. (below) respectively. 

Fig. 2. Colonies developed on agar media containing a nutrient (Coons’’ solution) at a range of 
concentrations. 

Fig. 3. Two colonies developed on media containing ammoninm chloride and sucrose (M/io). 
To the medium in the upper dish calcium carbonate also has been added. 

Fig. 4. Colonies showing the development of the ‘^acid’ type, modified by increased phosphate. 

Fig. 3. Colonies showing only a very slight tendency towards the *acid ’ type (the consequence 
of low sugar concentration), which is further modified by increase of phosphate. 

PLATE VIII, 

Fig. I, A typicrd, colony (slightly enlarged) developed on a solid medium containing ammonium 
sulphate and a high concentration of sugar. 

Fig. 2. Colonies developed on media similar to those of the cultures shown in Plate VIIj 
Fig. 4, with the exception that calcium carbonate has been added. 

Fig. 3. Colonies developed on media similar to those of the cultures shown in Plate VII, 
Fig. 4, with the exception that NH4CI has been replaced by KNOg. 

Fig, 4. External appearance of artificially-inoculated potatoes, kept under moist conditions, and 
showing an advanced stage of rotting. 

Fig. 5. External appearance of a tuber artificially inoculated in two places, showing the typical 
shrinkage of the infected areas, wdth concentric wrinklings of the skin. 

Fig. 6. Internal appearance of inoculated potatoes, showing the discoloration of the tissues and 
the formation of cavities lined with mycelium. 
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Further Experiments on the Conduction of Tropic 

Excitation. 


BY 

R. SNOW. 

With six Figures in the Text. 

I T was recently shown that when the tip of a decapitated root is stuck on 
again with gelatin the root becomes again capable of curving down in, 
response to gravity (SnoWj 1923). But it could not be determined with 
certainty whether this curvature is due to excitation transmitted back across 
the gelatin from the tip, since the stimulus of gravity cannot be applied to 
the tip alone. It was therefore decided to make similar experiments with 
traumatic stimulus, with which there is no such difficulty. Further, since it 
had been found that excitations leading to tropic responses can be conducted 
back along either the (prospectively) convex or the concave side of the root 
alonCj it seemed desirable to compare quantitatively the effects of these two 
excitations. Certain other experiments also, for which the root is not 
suitable, have been carried out on the cotyledon of Avena, The theory of 
'straight-line conduction previously supported, will be adopted as a working 
hypothesis, and further discussion of it postponed to the end of the paper. 

I. Experiments ON Roots of Vjcia Faba. 

Methods, For experiments on roots, Vida Faba^ the broad bean, was 
again made use of throughout. Different races of broad bean differ greatly 
in sensitivity. The age of the seed'is also apparently, of importance, but', 
■thiS' point is still obscure.; In the previous experiments on geotropism" 

■ Taylor’s' Broad Windsor, ^was: chiefly employedy.and' found sensitive,' and' 
straight-growing. ; ,But; to , traumatic 'stimulus this race responds,'. 'lesS' 
vigorously, than AquaduI'ce,:Xong-pod.',and Johnson’s 'Long-pod«,^ ■ 
following' 'deca,p,itation 'experiments" Aquadulce\ was , employed* 
the-experiments"','with,, mica',': plat'es’"Johnson’s" Long-pod was found better, 
since,'t:his^',rac'e a'nd,,',Tayl'qris,',Bro'ad.'''W less apt to deviate as 

:'d 3 mix. Jamiary, 19244 / 
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the result of a lateral incision than is Aquadulce. The root of Vtcia 
Fab a has been considered to respond too feebly for traumatotropic experi¬ 
ments (Giinther, 1913 ), But with the above two races, curvatures of 90° 
or more could be obtained. Several other races were found less suitable. 
After replacement of the tip with gelatin, the root was dipped into melted 
cocoa butter, up to just above the joint. This prevents the tip from being 
washed off by water secreted from the stump. 

For traumatic stimulation, a glass rod, heated so as just to give a sodium 
flame, was applied lightly for an instant to the side of the tip at the level of 
the vegetative apex. A dark semicircle is at once seen, under the lens, to 
spread out from the point of stimulation. This is due to the local injection 
of the intercellular spaces of the periblem with water presumably excreted 
by the stimulated cells. Response seems to be greatest when the stimulus 
is so adjusted that this semicircle reaches just about to the plerome. It 
must not spread across to the far side of the tip. Other methods of 
stimulation were less effective. When inspected later, the tissue within this 
area is found to be dead, and sharply marked off from the surrounding 
tissues. 

Experiment i. 

In all, 2^5 roots of Aquadulce beans were decapitated at 2*5 mm. 
from the vegetative apex, and the tips, while still adhering to the knife, 
were stimulated on one side with a hot glass rod. They were then replaced 
with gelatin, and the beans pinned with the roots vertical. 

Of these, 9 remained straight; 16 curved away from the stimulus, in 
curves from 5° to 30®, the average being 15!*^; none curved towards the 
stimulus. Although the curvatures were not very vigorous, this result shows 
that, after traumatic stimulation of the tip, tropic excitation can be trans¬ 
mitted ' back from it through a la3.^er of gelatin. The probability ' that 
geotropic excitation also passes through gelatin is thereby increased. 

In similar experiments, however, carried out on a very few roots of 
Johnson's Long-pod, no curvatures were produced. The reason for this 
difference is not clear. , 

Experiment 2. Comparison of the efficiencies of the two sides of the root ; 
in conducting excitation.. 

following .experiments were- carried out both with traumatic 
.'Stimulus and" 'Stimulus' of -gravity,'and. with two races of bean., Taylor's 
'. .Broad/'Windsor''-'(T.B.W.) and 'Johnson's Long-pod' (J..L.P.). Smce the' 
extents ■ of cu.rvature differ'widely in different individuals, probable e-rrors. 
-'.-must.be/'calculated.Lefore the two .sides-can ..be,compared..-; - - 

Before stimulation, conduction along -one', side', was p-reveoted by in¬ 
sertion from that side of a mica, slip'-to a depth of half-way through the 



Conduction of Tropic Excitcction. 165 

root, at a-5 mm. from the vegetative apex with T.B.W., and 2 mm. with 
J.L.P. To secure uniformity of conditions, equal numbers of roots with 
slips on each of the two sides were, so far as possible, made use of on each 
occasion. Since the insertion of the slip may itself cause some curvature, the 
extent of this must first be determined by controls and then allowed for. 

The following measurements refer to curvatures above the cut only. 
The temperature was about 19° C. 


(^ 4 ) Controls, 


Ahtmber 
of roots. 


Table of Results. 

Mean curvature {d). 


J.L.P. 

slip at 2 mm. 

10 

7 ° 

towards slip 


T.B.W. 

11 

2-25 

towards slip 


slip at 2*5 mm. 







(3) 



(i) 

(2) 

Mean 

(4) 


Number 

Mean 

ctirve 


of roots. 

cta've. 

corrected 
for ‘ d\ 

cr. 

(B) fDP. Traumatic stimulus. 




Slip on same side as 

19 

-30*8 

- 37-8 

25-2 

stimulus 





Slip on far side 

22 

— 20*7 

~i 3-7 

13-6 

fC) TM,W, Traumatic, 




Slip on same side 

13 

— 24*6 

— 26*9 

21-0 

Slip on far side 


- 17*3 

-f 5 -o 

31-2 

(i)) fL,P, Stimulus of ^ 

gravity. 

(Roots laid horizontally.) 

Slip above 

iS 

- 39-7 

-46-7 

20-9 

Slip below 

18 

-2 7-7 

— 20-7 

19-7 


(£}' T.B,PK Stiimdns of gravity^. 
Slip above 21 

Slip below 19 


9-i6° 

8 - 1 ° 


a of ike 
mean {a f 

. 2 - 9 ° 


2-44 


.(5) 

Difference 
of corrected 
means. 


} 


24-1+ 5-8 


(Roots laid horizontally.) 

— 26*3 —28*6 17*3 

— 16-26 —14-0 25-0 


II -9 ± 5*5 


26-0 + 6-0 


1 4-6 ± 5-7 


(6) 

Chance of 
such difference 
arising from 
error of random 
samplings 


I in 1S5 


I in 6*4 


(Curvatures away from stimulus or downwards are reported as negative.) 


■ From the above tables it is clear that in all cases conduction along the 
side that will become'concave leads to a greater'mean curvature' than con¬ 
duction ' along the side that will become 'convex^ and, further that this 
difference is enough to be significant. 

The method of calculating the chance that the difference may be due 
tO'error of sampling may be illustrated in the case'of {E) above. 

For the standard error of the ' difference, of the meansj'we have ■■ 

=,7 + 7 - 40-74 . ^1-2 = 6-38. 

But .allowance must also be made for the standard error of 
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From the controls cr^ = 2-9. 

But the correction for ' is applied twice, being added to the results with 
mica slip on the same side as the stimulus, and subtracted from those with 
the slip on the far side. 

/. Total standard error for difference of corrected means is 
^-^ 1-2 + 

/. total probable error = 5-8'^. 

The chance that the observed difference of the means (x) might arise as 
an error of random sampling can now be calculated from tables giving the 
areas under the normal probability curve on either side of ordinates at 

abscissae - • 

(T 

In the case of traumatic stimulus, it is of course known on which side 
of the tip the stimulus first acts. With stimulus of gravity this is not known, 
although this stimulus too must act differently on the two sides of the tip, 
if curvatures are to follow. But since, in both cases, the distribution of 
conducted excitation is similar (the concave side being the more effective) 
it is suggested that the stimulations also may be similarly distributed, 
gravity acting primarily on the upper side of the tip. This appears more 
clearly in the Avena cotyledon, in which, as shown by Miss Purdy ( 1921 ), 
the far side conducts about six times more effectively in phototropism, while 
the lower side is the more effective in geotropism. Here, too, it maybe 
suggested that gravity stimulates mainly the upper side of the tip. 

Since it appears that there arise in the root two excitatipns, of opposite' 
sign, conducted along the two sides, it would be desirable to know which' of 
these can travel by diffusion across a protoplasmic gap (as in Expt. i) or 
■ whether both can do so. An attempt was made to answer this question by 
applying stimulus after making cuts from opposite sides, and blocking one 
with mica while the other was left unblocked. Unfortunately the, double 
cuts lead by themselves to so many irregular curvatures that the attempt 
had to be abandoned until more favourable material could be found. 

That, in the traumatotropism of the root^ the sides farther from the 
applied stimulus should conduct back excitation more effectively than the' 

' near,„side is certainly at first surprising.' But a closely comparable state of 
■things''holds for phototropic, conduction in Awna. It appears .as-if the^ 
primary traumatic stimulation on the near side of the root-tip brought about 
a'secondary .excitation of opposite'sign on the far side of the tip, from'which 
the far-side conduction would' originate. It may be noted ' , that Nemec 
( 1901 ,,'.pp., 46'-7)": was,: .led by the visible changes in the root-tip', after 
,v'traumatic, stim'Ulation' "to" 'distinguish ,a','primary' excitation, capable of 
;,:;:"spreading .transversely, though slowly, and a ,seco'ndary excitation only 
conducted longitudinally, and originating from cells affected by the primary 
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excitation* But the connexion between these appearances and the curvatures 
of response remains doubtful. 

c* Phototropic Experiments with A vena Cotyledon. 

Methods, In the earlier experiments a black Tartarian oat (Arena 
orientalis) was used^ but in the later the ‘Abundance’ variety of Avejta 
sativa. No difference was noticed in the behaviour of the two races. The 
plants were g-rown in jars of sawdust in an electricall3r-heated box lined with 
black paper, in a dark room. The temperature within the box was about 
£^4® C., and the air wdthin it was kept moist. 

If strong curvatures are to be obtained without the use of the klinostat 
to eliminate geotropism, the stimulating light must be applied continuously. 
But the high intensities of light commonly used seem unnecessary. An in¬ 
tensity of from I to metre-candles was found enough to keep the cotyledons 
very strongly curved in opposition to geotropism. Accordingly arrangement 
was made to stimulate the plants within the heated box with a small electric 
bulb, at about 30 cm., adjusted to give about candle-power. The use of 
such low intensities makes it far easier to prevent errors due to accidental 
access of light to the lower zones of the cotyledon when these have to be 
kept in darkness. 

The operations were carried out by red light passed through a spectro¬ 
scopically tested screen. 

Experiment'^. 

It was desired to determine in which direction the lower zones curve if 
the tips alone were stimulated, after they had been cut off and replaced in 
such a way that the far side of the tip made contact with the near side of 
the lower zones., , 

The cotyledons were decapitated by the ingenious method of Stark 
( 1921 ), A nick was made with a scalpel on one side at 4 to 5 mm. 
below the tip, and then the brittle cotyledon' was broken at the nick by 
■bending gently, much as a glass tube is. broken by the chemist. The tip 
can then be pulled off, while the flexible included leaves are left projecting. 
A pull on these latter will then sever them at their base; if this is not done, 
by their further ■ growth they knock the replaced'tips off again. .In the 
present. case,, the included leaves were not ■ completely removed, but, after, 
severance at the base, were ,left projecting.; , They were then painted on both' 
sides .with a,: dilute solution of'.gelatin, as. were also the^ ledges at the top 'Of 
.the stump. ' The .tip, previously i*emoved, was then carefully replaced, on the 
,'>.ledge''at"'one'side,.'and,Testedup-’against the projecting 'kaves,'tofwhich it,: 
.', adhered",(Fig. i),.,. It''is this adherence ■ to the included deaves.'"that ■'■m^akes. 
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it possible to balance the tip on the ledge^ which is only about 0*3 mm. 
wide* 

Of the plants thus operated on some were kept in darkness as controls^ 
and others stimulated on the tip only with light. The direction of the light 
is shown by the arrow in Fig. c. The lower zones were kept darkened by 
shields of tin-foil. 

At firstj difficulty was found in regulating the moisture of the air. If 
the stumps excrete drops of water, the tips are washed off; if the moisture 
falls much below this point, they begin to wilt. The right moisture was 
finally secured by suitable arrangements of bell-jars, lined with black paper 
except on one side. Results are reported only for plants of which the tips 
neither fell off early nor wilted. 

Results after 5-7 hours. (Curvatures away from the side on which the 
tip rests are marked as —. In F? this is also the direction away from the 
light.) 

A. Controls, B. Stimulated plants. 


I Difference of mean curvatures of 
A and B - 6‘S6 + i‘72°. 

V Chance that difference may be 
I due to error of random sam¬ 
pling = I in 139. 


In the above table the negative results under B are certainly 
numerous. But it should be remembered that it is not easy to ensure 
a good joint between the tip and the ledge below it, so that success in every 
case was not to be expected, and the mean curvature does not adequately 
represent the results obtained. I do not think that any one who had seen 
the , curvatures in B would doubt that they were, significant The 
appearance was. particularly striking, since the tips were curved as in a normal 
response towards the light, in abrupt contrast to the lower zones, which 
were obviously curved away (Fig. 2). ■ It was, however, a possibility that 
similar.'..curvatures, of the lower zones, away from the side''on which the tip 
was: placed, might occur even without.stimulation by light; but the controls 
show that this ismot'the case. 

: ' Tt, is thus'that the phototropic excitation .transmitted .back from 

.the .'far side of the tip does not, necessarily .cause'.curvature towards', the light, 
but,:,si,ropl.y, causes'''relative. expa.nsion' in "that .side ■ of" the stump ''do.wn"'which,. 
...'it: passes.. If, it passes down the far side of the stump, as in' the':intac't''plant,. 


o 

o 

— 5 

— 5 

— 5 
+ 5 

o 

Cl 

o 

o 

o 

+.15 

o 

o 

Mean ~ 


o 

-iS® 

o 

o 

— 20 ° 
o 
o 

-iS° 

o 

o 

o 

- 10 ° 

— 20 ° 


Mean = —6*5° 
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the stump curves towards the light; if down the near side, as in the above 
experiment, it curves away. 

Experiment 4. 

In five plants cuts were made half-way through, below the tip from 
opposite sides^ and the tip alone stimulated with light, the lower zones being 
shielded. The cut nearest the light was blocked with a mica slip, while that 
on the far side was not blocked. The plants were kept'in damp air. Plants 



Fig. I, 



ill which the included leaves had not reached up to the tip were most 
suitable, as in them the mica slips do not get pushed out of place. 

After 5-7 hours, four plants were all curved towards the light, while 
one remained straight., 

This result, if conduction takes place along straight' lines, only shows 
that the excitation conducted down the far side must be able tO' pass across 
a moist gap. ' It was already probable that it is this excitation that can 
pass through gelatin, as in the original decapitation experiment of Boysen- 
Jensen (1914}),",since it is six times as .effective as the near-side excitation 
(Purdy,'1921) ; this' conclusion was also reached by Boysen-Jensen.: , It' 
would ,,be' desirable tO' know whether the excitation conducted along the near 
side can also pass a gap or not; but in^lc»^/ 2 (iz,:this excitation is relatively", so' 
'feeble, that there seemed little hope of decidirig the question, It ^ may he 
'mentio.ii'e.d that: the' origiaardeca'pita'tion' experiment was,again; repeated :,w,ith. 
, positive'result. , 
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Discussion. 

With regard to the conduction of tropic excitation, there are current 
two conflicting views. The simpler of these is that the stimulus acts 
differently on the two sides of the perceptive region. Thus different 
excitations or degrees of excitation are set up and conducted back' along 
straight lines to the corresponding two sides of the responding region, 
which they affect differently. Thus curvature follov/s in the' plane of the 
stimulus. 

On the other hand, Fitting ( 1907 ) considered that he had shown, by 
elaborate experiments on A vena, that this simple view was inadequate, 
since the excitation could travel by sinuous paths, and for other reasons. 
He therefore concluded that conduction involves the spread of some 
* polarized ’ condition of the protoplasm, the polarization being oriented 
with reference to the stimulus. The details of this difficult conception are 
less important than the question whether his experiments are conclusive. 
Now whether or not such ‘ polarized ’ conduction exists, it seems certain 
that conduction of the kind contemplated by the * straight-line ’ theory does 
take place. For, first, conduction can in many cases pass through a gelatin 
layer, through which the transmission of any ‘induced polarity’ seems 
hardly possible. And, secondly, it is clear from Expt 3 above that 
in the case of the far-side phototropic excitation in Avena 'the direction of 
response depends not on any polarity in the conducted excitation, but only 
on its distribution in the organ. The far-side excitation transmitted fi'om 
the tip simply leads to relative expansion in that side of the lower region 
(whichever it may be) down w’hich it passes. 

But though such conduction seems established, it is not excluded that 
a ‘ polarized ’ conduction of some quite different kind might also take place, 
and show its effects under certain conditions. It remains, therefore, to see 
whether Fitting’s experiments make it necessary to believe that this is the 
case. In reading of these experiments one cannot, but be impressed by the 
thoroughness of the investigation and the elaborate and scrupulous pre¬ 
cautions' observed. 'Moreover, he worked at a higher temperature'(29"^ to 
3,1*^ C.) than other investigators. But-it should be remembered that at that' 
' time. the , possibility of, conduction in plants across a watery gap" had not 
been 'discovered ;'.had it; been, the whole approach to the question might 
have.been'd,ifferent'.,' 

'We'may consider,first the experiments in which cuts were made into 
the,'cotyledon from opposite sides, and, then the tip alone illuminated. ' 

' ,' When the cuts 'ivere not blocked. in any way "(loc. dt, ,p. 207),'.strong 
positive curvatures'' followed. But ,'cond'uction. may '■ have ■ taken 'place' by '■ diffu- 
sion straight across them.' That they remained moist is'suggestedhy p. -so's,. 
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Later, however, we read (p. %io) ‘ In a few (3) experiments, sheets of tin-foii 
were again placed In the cuts.. . . Nevertheless, a positive phototropic cunm- 
ture followed, though it certainly remained very slight/ 

The interpretation is difficult and farther details are needed, especially 
as to whether, as a precaution against traumatotropism, the uppermost cut 
was made in half the cases on the far side from the light and in half on the 
near side. In my own attempts to repeat this experiment (admittedly with 
mica instead of tin-foil) no trace of a phototropic curvature could be found. 
However, the attempt was only made with a few plants, since, even with 
a single mica slip on the far side, the phototropic curvatures, if any, ’were so 
slight that there seemed no hope of obtaining a positive result with slips on 



Figs. 3-6. 


both sides. Indeed, Avena^ with its very weak near-side conduction, must 
be a most unsuitable plant for the purpose. 

In certain other experiments of Fitting the plants were split longitudi¬ 
nally, and one half removed. Of the possible arrangements, four concern us 
first.' The split may extend to the responding zone or be limited to the tip. 
In either case, the remaining half may be on the far side from the light or on. 
the near side (Figs. 3-6). 

In the cases shown in Figs, 3, 4, and 5, Fitting, working with numerous 
plants, obtained positive phototropic curvatures. This result I have also 
obtained in 3 and 4, though on a small scale only. In the case shown in 
Fig. 6,' Fitting obtained a positive result, but only wdien, after the split,, the 
..far-side half was .shaded instead of being removed (loc. cit., pp* aid'-i 7). He 
also obtained curvatures when the remaining halves were oriented sideways* 

.He concluded that these. results were inconsistent with the/straight- 
li.ne'* theory of conduction, and this conclusion seems to have become" more 
or less accepted (cf. Stark, and^ Drechsel/ 1922 , p. 568).' But. it does not'at 
'.all necessaiily'follow. ' ,For:"on. the''^straight-line ^ hypothesis thellluinination.. 
of the intact tip (which'is partially .transparent) sets'up a differenee;betweeii' 
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its two sides such that they transmit back along the near side of the lower 
zones a feeble excitation leading to relative contraction, and along the far 
side a much stronger excitation leading to relative expansion. It is natural, 
thee, to suppose that in the case of a half-tip a similar difference will be set 
up between its near and far sides, and lead to the transmission back in 
straight lines of corresponding excitations. If the consequences of this are 
considered for all the experiments with longitudinal splits, it will be seen 
that the phototropic curvatures obtained were really what was to be 
expected. Only in the case of Fig. 6 should we expect a doubtful result, 
for here a positive curvature could only be produced by the feeble ^ near¬ 
side ’ excitation, while the stronger ' far-side ’ excitation would pass down 
the median plane of the stump, and so be ineffective. And it is exactly in 
this case that positive curvature is actually less easily obtained. 

Indeed, these results only conflict with those unduly simplified views 
of straight-line conduction that relate the curvatures to the effect of the 
light on one side of the tip alone, and the excitation transmitted back 
along that side. Biit the possibility of conduction along either side of the 
cotyledon compels us to consider the resultant transmitted excitations as 
a function of the difference between the primary excitations set up by light 
on the two sides of the tip (see below): as soon as we do this, the supposed 
difficulties disappear. ■ 

The same consideration applies to Fitting^s further experiment, in 
which a half-tip was illuminated from opposite sides equally, and no 
significant curvatures followed in the intact lower region. Since no 
difference would be set up between the two sides of the perceptive half-tip, 
one can understand that the conditions for the transmission back of excita¬ 
tion might not be present. 

By the above, it is not in the least meant that we must ascribe to the 
plant any mysterious power of knowing that its two sides are unequally 
stimulated. It is only meant that, in tracing back the conducted excitations 
' to the conditions at the tip, we must consider not only the direct effects 
■produced by light on the two .sides of the tip independently, but also the 
interactions between' them. And this is clearly necessary, since firstly the 
fraction of the light that penetrates to the far side of the partial I}?" transparent 
' tip must be quite large ' (the exact distribution of light within the A vena tip 
lias not yet been,determined), and .secondly, the intensity of the stimulating 
- light, that willTead to positive ..curvature'can bo varied within a very wide 
range., , From this' it is clear that, independently (within ' limits) ' of the^ 
absolute intensities'Of illumina'tion within the twO' sides of the - perceptive'. 

, ''Organ,.the fnear-sMe,’ excitation, leading to relative co,ntraction, starts .from 
; '.'.'the ;more' intensely. Illuminated'.(near) -side of the tip, while .the far-side'', 
:::'.,excitation,I'ea'din,g, to 'r.elatiye, '.expansion,' starts from'' the .le'ss'"''mte'iiseiy' 
Illuminated. 
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In this way of putting the matter, it is assumed that the effective factor 
ill perception of light is the intensity difference between the two sides and 
not the direction of the light rays within the tissue. Should the latter view 
be adopted, it would be necessary to state the above argument rather 
differently. But the question of ' intensity difference ’ or ^ direction of light- 
ra.ys' is really one that concerns perception onl}", and is independent of the 
problem of the nature of conduction. 

From the ‘ intensity-difference ’ point of view, it is a possible suggestion 
that there may be involved a transference of some soluble substance excreted 
by the more stimulated (near) side of the tip, and taken up b}- the less 
stimulated side. Experiments were carried out to test for the occurrence of 
such a process, but the results have so far been negative. 

With regard to the claim of Van der Wolk (1911) to have obtained 
phototropic curvature in A vena after making blocked incisions from opposite 
side, his method is obviously open to error, since the cuts only reached just 
to the included leaves, without penetrating them (cf. criticism by Eoyseii- 
Jensen, 1913). It does not appear that there is at present any fully 
convincing evidence for the possibility of 'polarized' conduction, though 
naturally such evidence might at any time be found. 

Finally, in connexion with the function of the tip of the grass cotyledon 
ill phototropism, the interesting experiments of Bose on Setaria (1919, 
p. 363) should be noticed. His interpretation meets, however, with several 
difficulties. It is clear that the "near-side’ and "far-side’ excitations in 
Arena and the bean root have some resemblance to the two transmitted 
effects of excitation, of opposite sign, in terms of which he seeks to explain 
many of the phenomena of plant response. 


Summary. 


I., In roots of Vzeia Faia^ decapitated and then reconstituted by re¬ 
placement of the tip with gelatin, traumatic excitation' can pass from the 
tip through the layer' of gelatin and produce a negative curvature In the 

stump. 

2. Tropic excitation due to traumatic stimulus or stimulus of gravity 
can be conducted back along either.side of the root alone. A quantitative 
comparison is given of the:, efficiencies of the two sides in conduction, and in 
both cases a significant difference is found in ■ favour of the side that after¬ 
wards becomes concave. 

:,3. In the cotyledon of Arena, if the tip is removed' and, replaced in an 
'anomalous ^position' so that its' far" side (with reference to' the , light) is in .con-' 
' '.nexion ■withthC' near side'^ of the stump, then, on illumination of the ,,tip,'"alone5 
there .follows phototropic.curvature awaj^ from the light.' It is clear, that the 
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excitation transmitted from the far side of the tip simply causes relative 
expansion in that side of the lower region (whichever it may be) down which 
it passes. 

4. The excitation conducted down the far side of the A vena cotyledon 
can cross a gap filled with moisture, 

5. Reference is made to certain experiments by Fitting from which he 
concluded that phototropic excitation in Avena can be conducted by 
a sinuous path and must determine the direction of curvature in virtue of 
some ^ polarity ^ possessed by it. Reasons are given for considering that his 
experiments do not necessitate these conclusions. 


The Department of Botany, Oxford, 
May, 1923. 
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I T is well known that gelatin when drying will tear up the surface of a 
glass plate. Ostwald and Fischer, in their book ' Practical and Applied 
Colloid Chemistry", state, for example, ‘When a gelatin solution is dried 
upon a glass plate, as in an oven at loo"^ C., the gel contracts. But at the 
same time it sticks so fast to the glass that large shell-shaped pieces are 
torn off the surface of the glass." 

It is well known that lichen thalli contain a large proportion of gela¬ 
tinous or mucilaginous substance, and in view of this fact it seemed possible 
that a phenomenon, similar to the above, might be the explanation of the 
‘mechanical force" exerted by lichens in bringing about the disintegration 
of the surface layers of rock on which they grow. A review of published 
work on lichens and lichen ecology has brought out the fact that, although 
the ‘mechanical force" exerted by lichens in the disintegration of rock is 
usually given some^amount of prominence,'nowhere in,these.publications is 
there an attempt to explain the nature of the initial force. 

Section L 

Experiments with Gelatin. 

Lithophytic lichens,, particularly-thalloid and crustaceoiis forms, are 
exposed to periods of extreme drought—caused'by drying winds and also 
-by; the high 'temperatures which the surface' layers of rocks attain when 
exposed to the'full glare of the-sun.: It seemed possible that the drying of 
the more or less; gelatinous lichen tissue' might result in' -a, breaking: u|» - of, 
the-; xoek, surface,'aimilar to, that .obtained. when'gelatin ,is' .dried: on (glassj.at 

'--tAaaals>f'-Bota5tty,'Vol. XXXVIII, Ho.eXLIX. Jajitiary, 
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,ioo®C. In order that such a comparison might be drawn between thetwOj 
it was necessary to experiment with gelatin drying on glass at temperatures 
within biological range. 

Jiimellets experiments (1) give some idea of the high temperatures 
endured by these plants. He found that respiration of certain forms was 
practically normal after, being exposed for three days to a temperature of 
45° C.j fifteen hours at 50° C., and then hve hours' at 60° C., but as a rule 
carbon assimilation ceased after the plants had been kept for twenty-four 
hours at 45° C., three hours at 50° C., and then half an hour at 60° C. Also 
Zopf ( 1 ) stated that on a hot June day a temperature of 55° C. was endured 
by crustaceous lichen thalii. Considering the above statements^ it is 
reasonable to assume that, during the middle hours of the day in summer, 
a temperature of 45° to 50° C. obtains in lithophytic lichen thalli, and that 
the conditions to which drying gelatin would be subjected at such a 
temperature would be similar to those experienced by such a vegetation. 


(a) Experiments with Gelatin on Glass. 

Aqueous gels of gelatin of concentrations 2^*5, 5, 10, and 20 per cent, 
were used, but 20 per cent, was found generally to be the most effective. 
A small amount of the gel was allowed to set on the glass surface, and the 
slide then placed in an air oven, the temperature of which was known. The 
slide was withdrawn after a certain period of time, and the gelatin surface 
examined. After the gelatin had been removed by dissolving in hot water, 
the glas^ surface immediately below was examined. 


Temperaiurs of oven. Period of time, 

{a) 15° C., gradnally rising to 100° C., where it 

was kept constant for a few minutes . . about J hour 

100° C.. I hour 

ip) 60^ C. 2 hours 

(t'j 4o°-4S® C. . . * ' 2 hours^ 

{d) 30^-50° C. . • . ' • •. . . .,5 hours 


After withdrawal from the oven, in each case the, gelatin film was 
cracked' or chinked—indicating the contraction of the gel. In many cases 
the dried jayer had been lifted from the glass below. Some of these pieces 
.were. removed 'and the lower sides were seen to be encrusted with small 
flakes ■ or' scales of glass, each showing conclioidal fracturing. The .glass 
slides used'' were freed of gelatin and the exposed glass surface showed' the 
following: features: 

' , - '(/x),'The' smooth polished surface had been destroyed, particularly Jn 
tliose 'parts 'below'the peripheral regions of the'gelatin, 'film. , The'surface 
appeared as if'Very'finely'chipped'.o.r etched.,, 

(^) As In {a)^ but the chipping was,' much more' distinct—the plates 
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removed from the surface being much larger than when gelatin was dried at 
1CQ° C. Often the chipped regions appeared to radiate inwards from the 
peripheral margin^ and in a number of cases extended as far as the centre 
of the area of glass previously covered by gelatin. 

(c) and (d) These appeared very much as (a) and (f), but the chipped 
areas were larger and fewer. 

A few experiments with gelatin drying on glass under room conditions 



Fig. I. Glass surface showing small chipped area. Appearance due to drying gelatin. 

(See text.) Note striations and conchoidal fracturing, 

were made from May 8 to ii, during which time there was a fair amount 
of sunshine. The gelatin cracked and lifted from the surface' in several 
places^ and flakes of glass, somewhat larger than, those detached at 60"^, 
were chipped off 'the ■ surface-by the.'mechanical action of the contracting 
gelatin. 


Conclusions. 

' ' ■ Gelatin diying on , the surface of glass below 100® C. "is able to chip off; 
t,he'surface'layerS' and :to, lift, off ■ fro'm' the, "surface the scales or,, flakes'"thiis, 
detached.'"'' ' ' ■ 

■'N", ■ ■ 
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This action goes 011 at temperatures within biological range. The 
higher the temperature the smaller the flakes chipped off by the gelatin, 
and the greatest effect is obtained below the marginal regions of the gelatin 
film. 

By covering numerous small areas instead of one large one, in order to 
increase the circumference in proportion to the area, it was thought that 
greater destruction of the surface might be eftected. However, it was found 
that this was not the case. This was probably due to the fact that the 
thickness of a gelatin film over a smaller area was less than that over a large 
one, and that the contracting forces operating in the former case were not 
sufficient!}.^ powerful to bring about the same results as in the latter. This 
was proved by the fact that when the thickness of the gelatin over the small 
areas was increased by adding successive layers of the gel, and then dried, 
the surface of the glass was chipped to a considerable extent. By repetition 
of this process many times on the same area of glass, the level of the surface 
was lowered. As the glass became more and more roughened by the 
constant drying of fresh gelatin films so the rate of' burrowing ’ became 
greater. This was particularly the case once a small, more or less circular 
pit or depression had been formed. The drying gel lifted the glass fairly 
readily at the sides of the floor of the depression, but less readily in the 
central regions. This was indicated by the touch and also by the fact that 
the first appearance of a hole through the glass was round the edges of the 
base of the pit. Finally, the central thicker portion was separated from the 
slide, leaving a circular hole. Several perforations of glass have been made 
in this way. The shortest time taken to bore a hole through a glass slide 
of I mm. thickness was ninety-six hours. This was done by working with 
%o per cent, gelatin, and drying at 60° C. After eleven or twelve applica- V 
tions of gelatin the slide was completely perforated. In these experiments, 
if the detached glass flakes were not removed from the'surface of the small 
depressions, a peculiar iridescence was noticed in the glass in these regions. 


(b) Experiments imih Gelatin on Shale, 

Having established the fact that the surface of polished glass is dis¬ 
integrated' by the drying of gelatin at temperatures within those experienced 
by lichen thalli,'experiments of a similar nature were tried upon 
smooth pieces of shale. The object of.these experiments was to ascertain 
whether the mechanical force could operate in a similar manner , 011' this 
rock,which does not possess the highly polished surface of glass, and'which,; 
in "addition, has ,a' certain porosity, of texture. Although, the rock . was 
treated in exactly the, same' way as’the./glass, 'p.reliminary';'. experiments .'with 
the shales showed that the action,’ besides taking, a' longer time, was of 
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a rather different nature. This latter was probably due to the different 
texture of the shale. For example : 

I St drying , . 40° to 80° C. for ,2 hours, 

2nd ,, , , 40° to 55® C. for i| „ 

3rd ,, . . 30° to 50^ C. for i| ,, 

After the first drying no change was noticed. The shale was allowed 
to cool under the atmospheric conditions of the laboratory and then 
replaced in the oven. At the end of the second period, the edge of the 
gelatin film was noticed to be slightly raised from the surface of the rock, 
and on the under side of this separated film there appeared to be attached 
a continuous film or plate of shale. After cooling, the shale was again 
replaced in the air oven, and after the period quoted the marginal regions of 
the gelatin layer were distinctly raised up from the surface of the substratum 
together with a continuous layer of shale. These parts of the gelatin film 
with their attendant shale plates were easily detached from the surface of 
the rock, and in the latter, where the gelatin had been, slight depressions 
were visible. These depressions coincided exactly with the outline of the 
gelatin films. The surface of the shale had been literally peeled off. 

As in the case of the glass, the marginal region being the seat of 
greatest activity, numerous smaller areas were covered with gelatin rather 
than a single large one. 

1st drying . . 40® to 55^^ C. for if hours. 

2nd ,, . . 30'^ to 50^" C. for 3 

3rd „ . . 30^ to 45^^ C. for 3 „ 

4th ,, . . 40° to 50° C. for 3 „ 

Between each drying the shale was cooled to room temperature, under 
laboratory conditions. 

After the fourth drying period the margins of the larger films, with 
shale flakes adhering, were curled upwards away from the rock surface, but 
the central part of the films remained attached to the substratum. These 
films were easily removed from the surface by gently pulling with a pair of 
forceps, and small depressions remained in the substratum. These depres¬ 
sions coincided exactly with the position of the gelatin films. It was found 
that the thickness of shale' attached to those films was greatest in the 
marginal regions and least in the central part, where'the film had remained 
attached'tO' the rock. , In fact'in this central part the shale was represented 
merely by a film of more or less■ isolated mineral fragments. The smaller 
areas of gelatin were not affected’ after the four drying' periods.; but in 
'■experiments' with longer 'times'-for drying the "gelatin,' even"they'were 
affected' in a' manner similar to. that' described above, - except that the 
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detached shale flakes were very thin. Even this only took place when the 
gelatin film was fairly thick: 

1st drying . . 44^ to 56° C. for 4 hoiirs» 

2iid 5, . . 46° C, „ 6 1 „ 

3rd „ . . 49° C. „ 2 „ 

4th ,, . . 40*" to 56^ C. ,, 5 „ 

5th „ . . 30^ to 56*" C. ,, 2 ,, 


After the first period of drying, the peripheral regions of gelatin films 
of diameter 5 mm. and over were raised very slightly from the surface, 
together with the film of shale. Following the second, the separation of 
these films was quite distinct, and also the very small ones of diameter i*5 to 
I mm. were beginning to show a lifting up at the margins. This was quite 
pronounced after the third period. 

After continuing the drying, the gelatin patches with their attached 
shale plates were easily removed from the surface gentle brushing, or 
pulling with a pair of forceps. As before, small depressions of the exact 
size and shape of the gelatin films wei'e left in the surface layers of rock. 

It was commonly noticed that where the marginal regions of gelatin 
had not been raised by repeated drying the gelatin became cracked or 
® chinked V^i^d that the gelatin bordering these chinks curled upwards away 
from the rock below, bringing with it on its lower surface shale films or 
plates similar to those pulled from the rock in the marginal regions of the 
other examples quoted. Also where the marginal regions were very thin 
and apparently unable to tear away the shale, cracks or chinks appeared 
ill the thicker gelatin close behind this thin zone. At this point the film 
became raised from the substratum as described above. It was in this way 
that the thin marginal zones of a number of these areas eventually were 
lifted from the shale surface, but the shale attached to their lower surfaces 
was the merest film of mineral particles. This chinking of the gelatin films 
has been observed when the latter have been drying in the sun in the 
window during May. , 

The phenomenon reminds one very strongly of the ^ chinking ^ of 
crustaceouS' lichens, and in this connexion it may be worth remembering 
that , each separated portion of the gelatin—separated from the rest by 
cracks-^is able to lift off from the substratum films of shale. The present 
discussion deals with foliaceous thalli only, but in a later paper it is hoped 
to'.give details; of the mode of attack on rocks of crustaceous lichens. ' 

/' When the'gelatin films of. small area were made of, greater ' thick- 
' iiess in , the' centre and; these Mhickened portions made to fuse on to . a' 
continuous plate of,.gelatin; of the''same. consistence,"then, .'on, drying the 
;.wh,Gle;..:for Vtwo.v or'three,.: days.,, even mnder toom-cond.i'tionS' duri,ng'"May, it 
found ^'that the,'discs,.of, ge'latin—.covered on:'their ",lowe'r, /surfaces with 
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shale—were torn from the substratum. The continuous plate of gelatin^ on 
diying, curled upwards away from the substratumj and it wa,s due to the 
contraction of this layer—together with the adhesive power of the contract¬ 
ing gelatin of the discs themselves—that the shale surface was torn off in 
the regions immediately below these gelatin films (Figs. 2 and 3). This 
method of removing the surface of the shale takes much less time than 
when working only with the gelatin films of small size, and it is to the 
continuous layer of gelatin attached to the discs that this greater activity is 
to be attributed* The gelatin mass in these experiments was meant to 
represent the form of foHaceous thalli. 
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Figs. 3 and 3. Diagrammatic vertical section of gelatin and shale. Fig. 3, before drying; Fig. 3, 
after drying. Dotted area, gelatin; shaded portion, shale. 


Section 11. 

Lithophytic Lichens on Shale. 

It has been proved that when films of gelatin on unweathered shale are 
dried at temperatures within the range of those experienced by lithophytic 
litehen thalli, owing to the contraction experienced by the gel on withdrawal 
of water, the superficial layers of rock are peeled off, leaving exposed fresh 
layers of the substratum* It remained to be shown whether lichens growing 
on this substratum and exposed to similar conditions would' exhibit the same 
remarkable mode of action. 


Choice of Material, 

Of the lithophytic foliaceous'lichens in the' Aberystwyth district, per¬ 
haps the most common and typical is Xanthoria parietina; consequently 
this 'species was chosen to represent the class. : 

' Fresh specimens of Xanthoria colonies of different sizes were, obtained 
msituon the shale. As'Tar .as 'possible only those were chosen-which 
'grew ■;'directIy',, 'on^'''unweathered;and unaltered .shale,,'.and. iiot'"those which' 
succeede'd' a,, pioneer' erestaceous. vegetation. \ The central portions of very' 
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many of the larger or older colonies were absent—the bare rock being 
exposed In these regions. Commonly these exposed surfaces of the shale 
were in various stages of recolonization by young thalli of Xanthoria or 
other foliaceous species, such as Physcia stellaris^ so that these latter were 
surrounded by the complete growing marginal zone of the older colony. 

This wearing away of the older parts of Xanthoria parietina has been 
attributed to the action of blown sand ( 2 ), Xanthoria being particularly 
sensitive to this action. But the same appearance has been noticed by the 
writer in this and in other species, where there could be no sand action. 
For example, certain crustaceous and placodioid Lecanora species, growing 
on inland limestones and shales, frequently have their central regions worn 
away, Lecanora murornm on the Anglesey carboniferous limestones affords 
a particularly good example of this phenomenon, the thallus being fre¬ 
quently represented by five or six, or more, growing marginal regions, almost 
concentrically arranged. Reference to this state will be made again, 

Xanthoria Thallus. 

It may be as well, before describing the effect of drying experiments on 
Xanthoria parietina^ to recall the structure of its thallus. For this pur¬ 
pose a vertical section will suffice (Fig. 4). There are two cortices—upper 
and lower—which are composed of closely interwoven hyphae forming a 
pseudoparenchymatous or' plectenchymatous tissue. The walls of these 
hyphal cells are very swollen and gelatinous, and by coalescence a con¬ 
tinuous tissue is formed. Limiting the upper cortex to the outside is a very 
thin, structureless, yellowish-brown zone—probably the main accumulation 
of parietin. Immediately below the upper cortex comes the gonidial layer, 
and between the latter and the lower cortex is the medullary zone. 

In exposed positions the bright orange thallus appears to be pressed 
very closely to the rock surface, but as a matter of fact it is only attached 
thereto by short outgrowths from the lower side of the thallus. The out¬ 
growths or haptera, which arise closely behind the growing margin, appear 
first as small white projections formed by outgrowing cortical hyphae. 
Where the haptera come in contact with the substratum, the hyphae forming 
them spread out in a radiating fashion over the rock,' and give rise to discs 
or plates of tissue. The size of these discs varies considerably, but com¬ 
monly a diameter of I mm.-i*5 mm. is reached (Fig,' 5). The cells of the 
hyphae forming these organs, are more elongated than those of the" cortical 
tissue from which they arise. In the stalks they are arranged parallel with 
each other, forming dense structures, from the Base of which the'.hyphae of 
the discs radiate.' "The central region, of a single attachment plate is thicket', 
', than the, marginal' zone, .which.'.-is..composed' of fewer;.and 'Tewer, hy'phae;.as' 

' the extre.me'periphery, is, approached'. , The .writer has found.,, in .every,,, case. 
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examined, that there is a peripheral zone of mucilaginous or gelatinous sub¬ 
stance, of an average width of about 5 /x, extending beyond the limits of the 
radiating hyphae (see Figs. 5 and 6). The origin of' this gelatinous sub¬ 
stance is not known at present, but since the material of a similar nature in the 
cortices is obviousl}^ derived from the cell walls of the hyphae forming that 
tissue, so it may be that the gelatinous zone of the attachment disc arises by 
alteration of the walls of the hyphae forming that organ. Additional 
liaptera are frequently formed where the tip of the growing margin touches 



Fig, 4. Xanthof'ia parieima. Vertical sec- Fig. 5. Xmihona parietina, 

lion of thalliis. Cor, Up, and Zr., upper and lower of hapterai disc, zg,, zone of gelatinous sub¬ 
cortex; gonidial layer Med., medullary stance; ^5., base of hapterai stalk or stipe, 

layer. ^ 

the substratum. Flyphae from the lower cortex grow out and beome attached 
to the rock. Ultimately a hapterum, similar to those which' arise normally, 
IS' formed just under the very margin, of the thallus lobe (see Fig, 7, Aj. 

Drying Experiments %mth Xanikoria partetina ' in situ ' on 'Shale. 

The' same procedure as that adopted in the experiments of drying 
gelatin' on.glasS' and shale was followed when dealing with lichen, thallus on 
shale. ■' 

' ''' Ul'd, and'' ^ young ' colooi.es of Xanthoria were placed /in, the^ drying;'oven 
'."at" known,,temperature,, and after .a certain period, of, time were .withdrawn, 
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examined immediately, and allowed to cool under room conditions. In some 
experiments the thalli were moistened by gently brushing with a wet brush. 
After cooling—usually overnight—they were replaced in the oven and the 
process repeated. After each period of drying the state of the thalli was 
noted. 

Generally speaking, those colonies of Xauthoria of the same age and 
collected from exactly similar habitats, when subjected to the same drying 
conditions, responded In a similar manner. Colonies chosen indiscrimi- 



Fig. 6 . Xmitlwria parutina. Fart of marginal region of hapteral disc, showing fragments 
of shale. (Lilted from shale when \vet.) zg,, zone of gelatinous substance; rJi*s,^ radiating 
hyphae from hapteral stalk. 

nately, i.e. some from very ekposed lamination planes, others from the 
exposed edges of the beds, and others from shaded or damp parts of the 
rock, differed from each other in the amount of response. Consequently, 
although temperatures and times are given in the experiments cited below, 
these need not indicate the exact temperature or period of time at which 
certain results would be obtained ■with any thallus. Because of this fact, 
although many experiments were carried out, the exact details of only two 
series are given below. Of the rest a general account of observations will serve. 

Observations. 


Time. 

' Temp. 

Thalli of moderate age. 

Qid thalli. 

'I'l hrs.. 


Thalli very dry and hard, but brittle. 
Tips of marginal lobes curled slightly 
upwards away from rock. 

^ Ditto. 

S-|- hrs. 

c. 

('mamly3S°, 
but sudden,' 

' rise at end 
of period). 

The same as above, but more pro¬ 
nounced. ' ■ 

Where colonies had been divided, 
older parts of thalli ■ were 
lifted ; up , from the rock and 
curled upwards.' ' Haptera had 
,shale ,plates, or fragments" at- 


tached' to basal discs. The' 
■surface" of the ■ shale,,; ■ below ^ 
appeared to be 'weathered;,and\ 
showed',, .many ■ '',small ' clepres-' 

■ sious.: "The; '■ surface''' ''had'' ,beeu' ■' ■' 
remO'Ved, m the'' ^ position ■ w,here 
the'haptem-'had h'een'attached'. 
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Time. 

'Temp. 

Thalli cf m.odeyate age. 

Cifir' tkaiii. 

6 | hrs. 

yp C. 

As above. 

As above. 

2 hrs. 

49'" c. 

Central parts of colonies broken from 
substratum. Parts of marginal zone 
curled back, with an occasional hap- 
terimi detached from the rock. 

As above. 

if hrs. 

45^-56° c. 

AVhere upper lobes were fixed to lower 

Older parts were raised we 


by haptera or by fusion of the tissues above tlie surface, showing 

of the thallus proper, strains were set large numbers of detached 

up between the overlapping lobes. haptera. 

Lower thallus, particularly the tipper 
cortical tissue, was frequently torn by 
such strains ; and occasionally whole 
apothecia were pulled off from lower 
thallus by the haptera of the upper. 

Marginal regions were curled well 
back, but very few haptera in these 
parts were detached. Very great 
difference in the number of detached 
haptera in old and young parts of the 
same thallus. 

5 lirs. 40^-56° C. Where CTustaceous thalli-weresucceeded On moistening, the thallus ap- 
by Xantkoria^ parts of the former peared to revive and soon 

were torn up by the marginal haptera assumed its normal position 

QiXanikoria. Lobes of the Xanthoria against the rock surface, 

were torn apart, showing large gaps 
in the colonies, particularly in the 
older parts. (Later there appeared 
tears across the lobes, separating the 
younger from the older portions.) 

On moistening, the gaps readily 
closed up again, the thallus appear¬ 
ing quite normal and sinking back 
into its original position. 


Ge^ieral Accoimt of Experiments* 

(a) Young Thalli. 

The curling up of the lichen seemed to be due to an early contraction 
of the upper side of the thallus, which was in contact with the dry atmo¬ 
sphere. It was an exactly similar effect to that produced by the drying gela¬ 
tin ' thalli ’ on shale. The air below the thalli gradually became less moist 
and water was withdrawn from the lower side, which in consequence con¬ 
tracted. ' This limited to a certain extent the amount of curling upwards of 
the lichen- Apart, from this, the amount of . curving upwards of the thallus 
depended on : (i) the proximity of the haptera to the edge of the lobes, and 
(%) the nature' of the substratum—that is, to say, whether the thalli were 
fixed on to the unweathered rock, to weathered shale, or crustaceous lichens. 
In some cases the haptera were developed some distance behind the growing' 
margin, and, in'these there was a,considerable curl on drying,(Fig., 8, G)'. 

Inothers,, as ' previously stated, .the. haptera' were, situated at.the'. extreme 
margin, and,'here the curling; back was restricted until the'haptera were'torn' 
free 'from, the substratum (Fig., 7, a,b, ,c)« Tt was evident''.'in both'.: cases,. 
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that, owing to contraction of the thailus, great strains were set up, both in 
the lichen tissues and in the substratum. The thalli seemed to recede by 
a kind of shearing movement. This was particularly evident in the case of 
those lobes with marginal liaptera. These were left exposed beyond the edge 
of the thailus (Fig, 7, B)* On moistening the plant, the haptera were 
again hidden by the swelling of the lichen tissues (Fig. 7, A). Where the 
substratum was of weathered rock or a crustaceous lichen the curling of 
Xanthoria was more marked, for the simple reason that it was easier for the 
latter to tear away fragments of those substrata than it was for it to pull off 
the surface layers of unaltered rock. 



Fig. 7. Xanihmia parktina. Thailus with 
marginal haptera. a, moist condition ; B. c, 
siages of drying. 




Fig.'S. Xanikoria parietina. Thailus with 
haptera at some distance from the margin, a, 
moist condition; B, C, stages of drying. 


The liapteral discs remained so firmly attached to the substratum that 
when the thailus contracted either : 

u The substratum attached to the disc came away with the hapterum, 
as in the case of the crustaceous thalli or weathered rock ; 

2. The haptera pulled away a very thin film of rock, as was the case 
occasionally on iiiiweathered shale; or 

3. The haptera remained so firmly attached that the thailus, being 
unable to withstand the enormous contractile strain, tore across at right 
angles to the, direction of this tension. 

To imitate the action of lichens on shale and crustaceous lichen sub¬ 
strata, experiments with artificial thalli—made of gelatin—-were carried out 
(see Section I^ ^b) 

. The tenacity of the hapteral discs has led one to compare them 
the 'Small thin areas of gelatin on-the shale.. In both cases, when dry, they' 
were' extremely difficult to, remove. 'Often, when'young parts of Xantlmrm 
■were pulled, the thailus tore^ free of the 'haptera,, leaving the. latter ■^stand'mg' 
on theT'oek'.,,'' "' When''Soch'were'. ■dried,: like ''■the'' small areas':of ^ gelatin"',■ there 
was great'"diffic,ul'ty, in ge,tti,ng them'.to, separate' from the subst.ratuni'..^ 
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On moistening, both gelatin films and the discs rapidly became soft and 
were easii}^^ detached. They absorbed water at about the same rate. The 
haptera, which before were hard, brittle, and white, in a few seconds became 
soft, swollen, and translucent. It is owing to the ready absorption of water 
by the hapteral discs that an easy removal of the tliallus as a whole can be 
effected, so long as the lichen is saturated with water. 

(b) Older Parts of Tlialli, 

Not only did the marginal lobes curl away from the substratum on 
iiig, but the older parts of the thallus responded in the same way. In these 
regions many haptera, with plates of shale attached to their basal discs, 
were separated from the substratum, owing to the contraction of the thallus. 
The number of detached haptera in the older parts was far greater than in 
the young growing regions. Apart from any chemical change which may 
have caused a softening of the superficial shale below the older parts of the 
thalli, the greater effect in these regions was probably the result of the con¬ 
tinual strains set up in the substratum during the growth of the lichen. 
Owing to alternation of dry and wet periods, these strains would 
occur at intervals during the development of the thallus, and ultimately 
planes of weakness would be formed between the top lamina and the one 
immediately below, in the parts of the substratum where the haptera were 
attached. This condition being reached, the contracting thallus would cause 
the separation at the planes of weakness of these superficial plates of shale., 

It should be noticed that in the case of the artificial thalli the forces at 
work were sufficiently great to bring about this result at one contraction, 
whereas in the case of the lichen thallus it probably took many contractions, 
for it was onl}^ in the older parts of the colonies that this separation, readily 
took place—though it did occur occasionally in the marginal regions. In 
the older parts of the thallus growth of the tissues had probably ceased, and 
then, when a plate of substratum was detached, the thallus was incapable of 
gaining a fresh hold. In the young parts this was possible by the growth 
of hyphae round the detached fragments, followed by the re-attachment of 
these new outgrowths from the hapterum to the substratum immediately 
below. III this connexion one may mention the refixing of young.plants of 
Physcia stdlaris to a shale substratum. ■ Young thalli were detached from 
thC" rock and then placed on shale in a moist atmosphere. It was some 
weeks before a. firm attachment was effected, and when this had , taken place 
the thalli were detached again from, the substratum and the hapteral discs 
examined. ,To' the mats of young colourless hyphae arising from the end,.of 
the dark 'brown haptera were attached small particles of shale which , had 
been; torn from their ■position whe.n the thalli were detached ,from^ the rock. 
','.'One ■concludes:, that.,this ■is ,what happens under ■■ natural conditions', when . the 
' thalli, contract,:, particles ■ are .detached, enclosed.,,'and, .a fresh, hold taken. 
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That this actually does take place has been shown by the incorporation in 
the hapteral disc tissue of plates of shale, and w-hen Xanthoria grows on 
trees, by the similar incorporation of pieces of bark. Miss Meilor ( 3 ) found 
flakes of glass in the haptera of Xanthoria when the latter grew on glass. 
The presence of the glass in that position maybe attributed to a similar action.' 

It was in the attempt to imitate such action of the growing hyphae of 
the liclien enclosing separated flakes of substratum that the holes were 
bored though the glass (Section I). Since the gelatin did not possess the 
property of growth and of surrounding the detached scales of glasSj fresh 
applications of gelatin were made on the place from which the glass had 
been torn. The fresh gelatin represented the new outgrowths of the 
haptera enclosing the fragments and obtaining a hold immediately below. 

Miss Meilor ( 3 ) stated that M. Felix Gaiidin had found pieces of 
glass perforated by the action of lichens. The present writer attributes 
this perforation mainly to the mechanical action of the lichens, which can be 
imitated by the drying of gelatin on a substratum of glass (see Section I). 

When the older parts of the thailus had been raised from the substra¬ 
tum, the latter, as previously mentioned, was seen to be 'pitted’. This 
was due to the tearing away of the plates of shale by the hapteral discs, 
for the position and size of the pits corresponded with the position and 
size of the detached haptera on the raised thailus. It was a similar 
effect to that obtained when gelatin ‘ thalli ’ were dried on a similar substra¬ 
tum (Figs. 2 and 3). After washing and gently brushing the surface, these 
pits were still found to exist. This was unlike the result obtained by Miss 
Meilor ( 3 ), who, after treating in a manner similar to that described above 
the slate surface below foliaceous lichen thalli, found that the pits dis¬ 
appeared and the surface showed no sign of the former epilithic vegetation. 

The floor of the depressions was always of dark grey, unaltered shale, 
but the general surface of the substratum appeared, as a rule, lighter in 
colour. This is probably to be explained by the chemical action of the 
carbon dioxide of lichen respiration on the rock surface uncovered by the 
hapteral discs. 

' In the drying experiments the ready separation of the older parts of 
^ Xanthoria can be explained. But practically the same conditions 

are repeated in nature, and consequently the same effect is produced. The 
older parts ' of the "thalli,. raised from the substratum, become so brittle ■ and 
dry that a strong wind is sufficient to. remove them, oi", where they occur on 
vertical /surfaces, their ■ own weight causes the removal. The presence' of 
cracks across, the thailus, caused by the strains set up in the tissues, • also' 
."contributes towards .the separation from the substratum of the .older partsof 
the' lichen.':. /Besides .' the'.more', ^'obvious ■ lateral separation' and. tearing apart 
.fdf "the'lobes-'"'of'the lichenj'..'-many-'of,.'.the'"experiments showed' this'.':etacking; 
and splitting across" at right "angles to the long'a.xis. 'Of/the thallusr.:,;.,..^'':/"::'.'.:'^^ 
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It may be that blown sand helps in the final removal of the parts of 
Xanthoria colonies detached from the substratum, when the lichen grows in 
a position where such an action could take place, but it does not seem to be 
the explanation for such removal. Other lichens, even crustaceous 

forms, suffer the crumbling away of their thalli when not exposed to the 
action of blown sand. 

(c) Expansion a7id Cont 7 ^action of Xa 7 ithoria Thallns. 

To measure the expansion and contraction of Xanthoria caused b3'the 
addition and withdrawal of water from the tissues, thalli were dried at 
diiferent temperatures, and strips from the ^mung growing zone were cut off 
parallel with the long axes of the lobes. These strips were mounted dry on 
a slide, the length and width measured b^" means of the micrometer. Water 
was then introduced under the cover-slip and time allowed for the tissues 
to absorb the moisture. The strips of thallus were then remeasured. The 
difference between the two sets of measurements gave the amount of expan¬ 
sion of which the thallus was capable. It also indicated the amount of 


contraction which could be brought about 

by diying the lichen : 


Siaic of material. 

Thnc and 
temperature 
of drying. 

Length 

expansion. 

Width 

expansion. 

Difference 
in "ike two 
expmzsmns. 

Undried matcfial : 





Fresh collected on dull day 


O’ 

/o 

% 

0,' 

t'O 

(tz) Young edge 

— 


6 

4 

if) Oldeiipart 

— 

S 

lO 


Room-dried material 

Room conditions 

H 

20 

6 

Oven dried (3^oung) 

2 hrs. ; C. 

9 

'14 

. 

Oven dried (young] 

1 hr.; 2o°-6o*’ C. 

S 

11 

S 

Oven dried (young) 

2 hrs.; 40°-6o° C. 

11-5 

H 

2.5 

Oven dried (dead) 

ijiirs.; So^-prYC. 

2 2 

25 

3 


Each of the figures given above was obtained by taking an average of the expansions oi 
a number of experiments. 


There was a considerable variation in- the results, obtained, but the 
average, percentage brings, out veiy- clearty' the fact that the, tangential 
expansion or. contraction was always considerably greater than the radiaL 
This supports the observations- made.. on dr^dng complete colonies of 
Xa^tikoria. ' The lobes of' the thallus separated from each other, leaving 
large gaps, exposing the substratum,, between them. It was only later that 
there occurred the tearing, across the lobe at right angles to the long axis of 
the■ thallus.' The fact that it has been-proved by measurement that the 
tang-entiarexpansion.., or contraction, is greater .than the radial supports the 
theory that'the'effect of lichens growing,:-on rocks, is similar to the aetion-of 
■drying, .'.'gelatin. o.n'''"glasS'Or''r.ock, The'''first, '.aiid'"m.O're obvio.uS', cracks."'':0:r' 
'Chinks', .which.,,appeared, in,, the- .drying gelatin were,: -more often ,than"'not.,' 
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radiaL This indicated a tangential contraction and caused the areas of 
chipped glass to be mainly in radiating bands as stated (p. 177)* 

To indicate further the swelling capacity that this lichen possesses, it 
may be stated that, on addition of water to vertical sections of the dry 
tlialbs^ they expanded 38 per cent, of the original depth, (This figure 
again represents an average expansion.) 

Section III. 

Disctission of Points from Previous Work relating to the Present 

Investigation. 

Although the present writer does not entirely agree with Miss Mellor (S) 
in her explanation of the- deterioration of the glass surface by lichens, the 
phenomena described by the latter seem to give strong support to the 
explanation here suggested :— 

‘Deterioration of the Glass: Both surfaces of the glass are corroded, 
showing opaque glass in the form of circular patches, glass which has become 
squamose and iridescent, as well as holes covered with scales of glass and 
bordered by opaque glass. The round patches of glass run together some¬ 
times in consequence of their increase in size. The central part of the 
patch disappears and one can distinguish a circular hole which gets larger 
as the patch of opaque glass gets smaller. These primary holes run 
together and give rise to larger holes of irregular shape, always bordered by 
opaque glass—the width of the border varying. In my specimens the 
corrosion attains a maximum depth of 1*6 mm. and a width of 5 mm. 
M. Felix Gail din has seen glass perforated by the joining up of holes from 
either surface. . . 7 

Examination of the fragments from the glass surface shows that there 
are in them holes and striations. These striations are in the surface of the 
glass and ‘ appear sometimes as scales piled on top of one another, sometimes 
like, ridges made in the sand by the waves' (see Fig. i). Gentle pressure 
causes the fragments to ‘ break along the axis of the striations and there then 
appear the small superimposed scales'. (This is the squamose glass ' 

Miss Mellor, then'gives an outline of the researches of Moissan ( 4 ) and Ger- 
■mann ( 5 ), sho wing that by the action of carbon dioxide and water the surface 
of glass becO'ines altered chemically: ‘ The silicates of the glass, are more or 
less hydrolysed, with the formation of silicic acid and calcium and sodium 
hydroxides. , , The bases absorb carbon dioxide' from the air and 'form 'the' 
acid carbonates of calcium ■ and s,odium, and these, are dissolved'' a'nd 
" removed.'' When," the lichens,grow on' church glass' the chemical ''act!on, is 
' accelerated, because rain-water and condensed ' water .'vapour are' held', there 
■''by .capillarity', and 'are,',ch'arged.'i,:moreaver, with' carbon dioxide as',a""resuif''b,f' 
.res'p'iratio,n, of' 'the''' lichens.',,-This- increase -of'■chem''iGal'''',,'actio'n,,\'''is'.made' 
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evident by the fact that the glass attacked by the lichens becomes opaque 
or sqiiamose and iridescent. One notes this chmige over the whole extent of 
the attachment of a crnstaccous lichcfi. The place occupied by a lobe of 
a foliaceous lichen is less opaque than that of its hapteral 

The present writer does not attribute to the chemical action of carbon 
dioxide and water the state of the glass surface below the lichens^ for if 
they were responsible there would be the same effect found below any lichen 
living in close contact with the glass, and this is not the case. Miss Mellor 
states that the surface of glass below Lepraria flava —a powdery lichen— 
remains without any trace of deterioration. There must be some other 
explanation of the deterioration of the glass surface—one that accounts for 
the corrosion below crustaceous and foliaceous species, and the absence of 
the corrosion below powdery forms, such as L. flava. 

In very many crustaceous species examined by Miss Mellor glass 
flakes were found embedded in the thallus tissue, more particularly in the 
apothecial and spermogonial regions. In the thallus, and particularly in the 
specified regions of unusually vigorous growth, carbon dioxide is evolved, 
yet there appeared no chemical alteration of the glass, but merely separa¬ 
tion of the flakes, the flakes showing the usual surface with striations and 
indentations (Fig. i). This, one gathers, was still the case with the scales of 
glass left on the substratum after the thailus had decayed. 

It has been shown (see Section I, (a)) that iridescence of the glass can be 
obtained by the non-removal of flakes of glass detached from the surface b\' 
the mechanical action of drying gelatin, the effect being due to discontinuiU’- 
of the homogeneous substance‘'along the lines of fracture. The surface of 
the glass below, and also that of the fragments themselves, when detached, 
showed indentations and striations. This appearance, together with 
iridescence, Miss Mellor attributes to the chemical action of carbon dioxide 
and water, but both have been shown, during the present investigation, to be 
^produced by the mechanical action of gelatin drying on the surface 
of glass. 

' In the gelatin experiments the surface was corroded where the gelatin 
was ■ attached ^to the substratum. So in the case of the lichens, the surface 
of' the glass was rendered opaque or squamose and iridescent ® over the 
whole extent of the attachment of a crustaceous lichen, but the place 
occupied by a lobe of a foliaceous lichen is less affected than that of, its 
haptera,'; in fact it is stated that when Xanihoria 'parietina tlialli were 
gently raised fromthe substratum,'the haptera either, remained .firmly 
attached to the glass, or brought away with 'them small flakes of the, sub,- 
stratiim.',, If'the action of the lichens on the glass were, mainly chemical, it 
. would seem that the surface of'the glass below the lobes of a foliaceous 
thallus .would'be more open,.to' .chem.ical, attack- by the 'carbon dioxid'e ,cf 
■■ .respiratioii than those: paiticular areas of surface covered with the'gelatinous 
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discs of tile haptera, since gaseous exchange through the gelatinous film of 
the dry liapterai discs would be practically nih and even when the discs 
were moist the action of carbon dioxide on the substratum immediately 
below them would naturally be retarded. Yet it ivas in these positions^ 
where the haptera of a foliaceous lichen were attached, that the action was 
the greatest. 

Of the lichens growing on glass the crustaceous species predominated— 
in agreemeiitj, according to Miss Mellor, with their greater resistance to 
wind and rain. This greater resistance, the present writer considers, is due 
directly to the fact that the. initial mechanical action on the glass of 
crustaceous forms is slower than that of foliaceous species. This is clearly 
brought out by comparing the mechanical action of simple thin films of 
gelatin with that of artificial gelatin thalH (Section I, (b)). 

The presence of the gelatinous cortices of crustaceous and foliaceous 
lichens, together with the close adhesion of these forms to the substratum 
by gelatinous substance of the hypothalH and the hapteral discs respectively, 
is considered to account for the corrosion of the glass below these lichens, 
since the enormous contractive forces of the cortical gelatin would be able 
to operate on the surface of the substratum. Conversely, the absence of 
continuous gelatinous tissues in the powdery tliallus of Lepraria flava 
would account for the absence of deterioration of the polished glass surface 
over which the lichen grows. 

It would appear, then, that the chipped appearance of the glass, 
attributed by Miss Mellor to chemical action, is not chemical but mechanical, 
and dependent on the structure and nature of the thailus itself. 

Once the initial mechanical disintegration of the surface has been 
accomplished, then the more obvious second stage of mechanical action is 
apparent It is this ‘mechanical action’ which Miss Mellor describes as 
acting on the ‘ chemically decomposed^ glass :— 

‘Scales of glass like those found on the opaque and squamose glass 
windows were found embedded in the tlialii of lichens.’ As these thalli 
decomposed so the flakes or scales were liberated from inclusion in the 
tissues. On the surface over which lichens had been growing free scales 
were present, particularly where traces of former lichen inhabitants were 
seen. ‘ The indentations and striations of the decomposed glass resemble the 
primary'and secondary cleavages, in a .rock, and the decomposed glass' 
surface—like the chinks in a rock—offers a lessened .resistance to a penetrat-',: 
'ingas compared with a pressing oi'gan.' Itis; on this “ decomposed'' glass that 
' the vitricole lichens' are most closely attached.', The hyphae, applied to',, the, 
'^idecomposed'^ must exercise .on it' a pressure which varies according as^ 
they are,, or ■ are ."not, in a state of growth or .turgescence. AsThe 'mechanical 
'■..action'.operates the':;.glass,, disintegrates,::''and,'.'in,'■■consequence'.'.its .constituent 
parts, in small scales, are separated'from one another. The hyphae, in 
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growing, follow the planes of cleavage, and, moreover, on account of their 
pressure, the hyphae raise the scales of glass which are subsequently 
gradually incorporated in the tissue of the lichen. It is therefore by the 
mechanical action of the vitricole lichens that the breaking up of the dis¬ 
integrated glass is to be explained, and the same action accounts for the' 
small hollows on the surface of the piece of glass.* 

This mechanical action of lichens can be made clearer by a comparison 
of the above with the action of a powdery lichen —Lecidea kicida —on shales. 
This species grows well on shales which dip at a low angle with the outcrop 
(Figs, 9 and lo). The dry soredial-iike parts of the thaliiis lodge in the 
small nicks in the surface. On taking up water, they swell and exert 
a slight pressure on the shale around. Growth takes place, and, on further 
saturation, more pressure is exerted, and so on until the overhanging ledge 


Fig. Lecidm incida. Surface view 
of colony, thallus; plates ot 
shale pushed out of position. 

is loosened. The hyphae penetrate still farther below the pl'ate of shale, 
and by growth and swelling break the plate free from the substratum. The 
hyphae grow beneath the detached fragment, which eventually becomes 
raised from the substratum and incorporated into the lichen tissues. 
Hyphae then attack the substratum below in a similar'manner, more plates 
are lifted from the surface, and these become incorporated into the thallus 
tissue by this simple mechanical action. As stated above, it does not 
appear from Miss Mellot’s description that the glass flakes, incorporated in the 
glass-lichen tissues, were acted on chemically by the carbon dioxide of the 
lichens, but in the case of the included shale there is a very obvious chemical 
decomposition of the flakes, the latter changing in the tissues from blue-grey 
rock to., a ■ friable, brownish material. Although shale is only altered"' 
chemically by carbon dioxide 'when the-latter is held in contact with the, 
rock for a'considerable time, "the action must be considerably' quicker'on' 
shale,,.than'on ^.glass..'", 

' Miss, Mellor states that the small pits on the glass surface were' caused, 
'by the same.'simple'mechanical'action 'Of the hyphae, separating' the scales" 

:'0 ' 
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Fig. io. Lecidea hicida. Longitudinal sec¬ 
tion of colony on shale. Z. hicida \ b, plates 
of shale pushed out of position, or partly de¬ 
tached ; c, shale. 
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of glass on the surface ^previously chemically altered', ' But’the present 
writer attributes the formation of these pits to the initial mechanical action 
on the unaltered substratum by the haptera of foliaceoiis lichensj or to the 
action of criistaceous species. Leaving the latter for a future discussioiij 
one can explain these pits iii the glass as the result of the constant chipping 
away of the small areas immediately below the hapteral discs, as explained. 
m iht czse oi Xanthoria partetina. 

Miss Mellor figures small thalli, e. g. Lecanora nmrormn^ as occupying 
small depressions. It appears as if that species were responsible for the 
formation of the hollows, but this need not necessarily be the case. It may 
be that these pits in the surface were formed, as previously described, by 
pioneer lichens, and that Z-. tntirorum spores subsequently developed 
in the hollows, since these would oifer favourable conditions for lichen 
development. One frequently found the spores of epilithic limestone lichens, 
and particularly Z. imirorum^ developing in the old apothecial pits of 
endolithic species. 

One has found in the early stages of development of the above species 
that there is a zone of gelatinous substance at the growing margin, in which 
the young hypliae ramify. This is very similar to the appearance one 
finds at the periphery of many species of crustaceous lichens. Miss Mellor 
states that in the earlier stages of development of lichen thalli there is less 
action on the surface than later on. Although this may be true for the 
polished surface of the glass, yet it may be that in the small depressions 
the young forms of X. murorum have their action accelerated by the 
presence of the gelatinous film, and also by the fact that the hollows offer 
a better foothold for the lichen. Water held by capillarity in these 
positions would be an important factor in development, for in the presence 
of moisture lichen thalli develop more rapidly. Consequently, the presence 
of small pits in the surface would lead ultimately to the more rapid recolo- 
nization of the glass. In this connexion it is interesting to note that Miss 
Mellor found that the glass next the lead casing of the windows was often 
the first to become corroded. Whether the lead casing fitted well down on 
to the glass or not, it always acted as a reservoir for water, and consequently 
lichens grew on the glass in the immediate neighbourhood of the lead. 
As a natural result of such development, the glass became corroded in 
, these parts. ; , , 

"/A point not dealt with by Miss Mellor is the possibility,, in' these 
regions^ ofa chemical reaction between the glass and the lead hydroxide, 
formed. ":by' the .solution of .lead in rain-water.'' Gaudin (3)' states .'that 
■ lead'corrodes more ,quickly' than, the glass, and "may disappear' in.. about: 
:./fift.y years, 

Jn;.'.thjs;.discussioh,';.ah the ■chemical action; of lichens ■on'■'glass''';has; 
been little considered, one does not ex.clude the possibility of such action on 
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substrata* For exampiC; in the case of endolithic limestone lichens (65 9 ^ 10)^ 
so far as one can judge at present, there seems to be strong reason for 
assuming a ■ chemical reaction between'‘the lichens and the limestone. 
Apparently the apothecial pits, hollowed out In the rock, are the result of 
the action on the limestone of carbon dioxide dissolved in water; yet the 
bark of trees Is often hollowed out for the fruiting organs of corticolous 
crustaceoiis forms, and there seem to be very few, if any, plant substances 
which can act chemically on suberin. It has been noticed that in the 
regions of special growth, such as developing apothecia, there is unusual 
activity. This may be due to mechanical, as well as chemical action. 

Miss Mellor states that, on detaching the apothecia of Squamciria 
saxicola from slate, there were little scales of that rock attached to the lower 
part of each apothecium, and on.the surface of the substratum there were 
little holes where the apothecia had been. As a matter of fact, the present 
writer has found that the whole lower surface of certain crustaceous forms 
on shale was more or less caked with flakes of rock when portions were 
detached, besides the incorporation of shale flakes in the thallus. In the 
regions of the fruiting organs, however, the result was more evident. 

By carrying farther the investigation on crustaceous thalli growing on 
rocks and trees, one hopes to obtain more knowledge of the relationship 
between lichens and their substrata. 

Before closing this discussion, one would like to put forward the 
suggestion that this mechanical force, displayed by^ gelatinous or muci¬ 
laginous substances when contracting or expanding, might serve to explain 
other phenomena, such as the action of appressoria, sheaths of germ-tubes, 
or mucilaginous coats of certain fungal spores. Such repeated swelling and 
contraction may be due to other causes than alterations of temperature; 
for example, alterations in the acidity or alkalinity of the protoplasm or 
solutions with which the gelatinous substance is in contact, and these may 
cause lines of weakness to be set up in the impermeable cuticle of the 
host plant. It may be that through some such planes of weakness sub¬ 
stances from the underlying cell exude and cause the vigorous growth of 
the germ-tubes which penetrate the cuticle at those points (8, 11). It 
may be that in the case of specific hosts there is some physiological relation 
between the mucilage of the fungus and the cuticle of the host. This 
relationship being . present, the cuticle-would be easily fractured and the 
plant readily infected. 


Summary... : . ■ ■ 

I:,. Glass..is.'corroded .-or.'chipped.by gelatin.-drying on, its.surface.. 

' a. 'Glass plates are perforated by the repeated' application and drying, 
of .fresh'gelatin hlms*.' ' - 

. 0 % 
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3, Superficial layers of shale are peeled off by the action of drying 
gelatin* 

4* Gelatin masses in the form of foliaceous lichen thallh attached to 
a shale substratum, seem to have a quicker action on the rock than films of 
gelatin , in the form of crustaceous lichen thalli. 

5. Thalli of lithophytic lichens are generally more or less gelatinous io'- 
the cortical region and attachment organs. 

d. The mechanical'action of lithophytic lichens on glass and shale can 
be explained by the powerful forces exerted by this gelatinous substance 
when contracting or expanding. Experiments with the foliaceous lichen,, 
Xmithoria parietma, support this statement. 

7 . It was formerly held that the surface of the substratum first was^ 
altered chemically by the action of lichens, and then the parts of the decom¬ 
posed material were separated by the mechanical action of the growing 
hyphae. It has been shown that these processes can be reversed, the initial 
stage being the mechanical disintegration of the unaltered rock by the- 
lichen thalli, followed by the decomposition of the separated fragments. 

The writer wishes to thank Professor J. Lloyd-Williams, D.Sc., and 
Miss M, M. Wells, B.Sc., for their kind help and encouragement during this- 
investigation. 
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Studies on Somatic Chromosomes. 

I. Pairing and Segmentation in Galtonia. 

BY 
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Sfuilc'ul of the John hincs HoriicitUitral rtislUiiiion^ 

With Plate IX and three Figures in the Test. 

T he present study was undertaken to determine the nature and extent 
of the paired association of somatic chromosomes, which may be 
observed in the nuclear divisions of Galtonia candicans^ Dene., and of the 
closely related G. princeps^ Dene. A considerable importance is attached to 
the question owing to the difference of view which exists as to, the correct 
interpretation of the double structures which are observable in telophase 
and interphase. One school of investigators regards these appearances as 
due to the premature splitting of the chromosomes, while another looks on 
the doobleness, so far as it is not due to faulty observation, as being occa¬ 
sioned by the pairing of paternal and maternal chromosomes. The actual 
existence of pairing, as anything more than a random association of chromo¬ 
somes of similar size, has been questioned by-Bonnet (1) and Nawaschin (9). 
The latter author based his conclusions on a study of G. 'candicans^ the 
chromosomes of which are so sharply characterized as to allow of the 
recognition of individual pairs with certainty. The present investigation 
lias led to conclusions different from those of Nawaschin, both as to pairing 
and as to the nature and importance of the structures called by him trabant 
chromosomes, to which considerable ■ attention has, been directed in recent 
years by him and by his pupils. ■ ■ 

The material used consisted of root-tips and flower-buds of G, candicam 
and of root-tips oi G. princeps. Fixations were made in a variety-of .fixing 
fluids,-of which Flemming's stronger fluid'and the modification of it recom-, 
'mended -by' Benda gave the best results.' MerkeFs fluid gave,what'was 
apparently , an excellent fixation without any contraction of the cytoplasm, 
'but the staining'-properties of the material were inferior, -- Benda's"' .fixative' 
B'Ctaiiy# Vol. XXXVni, No.'C'XI.IX..JaLiiTaary, 19-24.] 
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gave a fuller fixation of the cytoplasm than either Flemming’s or Merkel's, 
while the metaphase chromosomes are caused to appear more slender and 
longer. Examination of living material indicates that this result is the 
more nearly correct, but Galionia is not a sufficiently favourable object for 
the study of living material to allow of a comparison being extended to ail 
stages. The differences between the material from the three fixatives used 
werCj however, only differences of degree, and the structures and stages 
described in this paper have been found with greater or less distinctness in 
material from each of them. 

Sections were cut at thicknesses varying from 4 to 14 ju, and were 
stained in BreinFs triple stain, Flemming’s triple stain, or Heidenhain’s iron- 
haematoxylin. The first of these stains gave the best results. 

Observations. 

The descriptions given, except where distinction is expressly made, 
apply to both plants. The differences are slight, but they are sufficient to 
give a characteristic appearance to the nuclei of the respective plants. This 
is especially the case in prophase, the successive stages of which appear 
much more obvious in G. princeps, the nuclei of which are appreciably 
larger. 

3Ietapkas€, The relations of the sixteen slightly curved chromosomes 
can be seen in Text-figs, i and e. The pairing of similar elements , is by no 
means complete, and it is a rare exception to find a metapliase plate in 
which separation of the members of one or more pairs has not occurred. 
Indeed, if attention were confined to the metaphase, it would be impossible 
to maintain that the occurrence together of two similar chromosomes was 
anything more than a casual phenomenon. The separation that is involved 
is, however, only temporary. It takes place when the chromosomes, 
arranged roughly at right angles to the future equatorial plane, rotate into 
that plane at the beginning of metaphase. The pairs that are more centrally 
placed' at the beginning' of this process are especially liable to separation, 
so that one at least of the small pairs is usually^^affected. Any particular 
.'.pair may or may not be a'ffected. 

The chromosomes fall into three well-marked groups in respect of 
length the'first group contains four pairs of long chromosomesthe second 
xontams 'two pairs, the members of which are scarcely half, as', long ; the 
third group contains two pairs of very short chromosomes. In number and 
relative length the chromosomes of G.princeps are identical with' those 'of 
Gecandicans. There Is no difference.in width between the,chromosomes .of, 
the various'grou'psri,ii''either plant. 

Each chromosome, inxll the-.plants examined', exhibits ;a''subtefmihal: 
.■ .'co'nstricti'on,, d.ivid,'mg': it-into ' a,,-rela distal and a very short 
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proximal segment, the proximal end being that towards the spindle at 
metaphase. This constriction, which is in fact a very fine non-chromatic 
thread, is always situate at that point in the chromosome towards which 
the attachment fibre from the spindle is directed. In different chromosomes 
the proximal segments differ slightly in size, but there is no correlation 
between the size of the segment and that of the chromosome to xvhich it 



Text-fig. i- Chromosome complement of G. candicans. Chromosome pairs are 
numbered, x 2,700. 



Text-fig. 2. Chromosome complement of princeps. Pair 4 in b is much, 
foreshortened, x 2,700. 


belongs. The' degree of separation of the segments varies between some¬ 
what wide'limits according, to the stage of division. It is greatest in early, 
anaphase. It also varieS''from pair to pair, and in the case of 'one of the' 
pairs of intermediate length in G. candicans BXi extreme is reached' in which 
the',' .length of■■ the'' non-chromatic , thread approaches that of, the distal"' 
segment.' ' In' G. primeps the corresponding pair, of intermediate length also' 
shows this conditiO'fi,,';',,in''':'which,,;;^ .proximal 'segment, :'beco,m'es,,':w^^ 

'"Nawaschm has',called, a,'trabant .or.satellite ch'ro'mosome. ', There;' i,S'"',BOt''.:,iQ' 
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this plant such a clear-cut distinction between the trabant and the normal 
condition of the segments as is found in G, candicans. Two other pairs at 
metaphase and one of the smallest pairs at anaphase have the segments of 
tlieir members widely separated. It is evident^ therefore, that a very close 
relation exists between the trabant condition and the simple segmentation 
of which it must be considered a development. 

Anaphase and telophase. As the daughter chromosomes begin to 
separate at the position of the constrictions, a slight bending over of the 
proximal ends is produced, which persists throughout anaphase. The 
chromosomes become longer and more slender, an alteration that is 
accentuated in Benda material. In some cases a beaded structure is visible 
already in the metaphase chromosomes; in all cases the anaphase chromo¬ 
somes show a moniliform structure. This appearance is not a prelude to 



a 


Text-fig. 3. Early anaphase [a) and late anaphase ip) in G. candumis. In a the small 
chromosomes have reached the pole and are paired. In d the process of reassociation is almost 
complete. . x 2,700. 

the ragmentation of the chromosomes, as all traces of longitudinal differences 
in structure disappear at the beginning of the telophasic contraction stage 
which follows. 

It is at this stage that the pairing of homologous chromosomes, tem¬ 
porarily interrupted at metaphase, is re-established. As the polar area is 
reached the separated members of pairs approach one another, either 
internally or externally to the chromosomes which intervened when all were 
spread'out in a single plane (cf.' Text-fig. 3, ^). The smallest 'chromosomes' 
Teach the polar area first, and, though usually separated at' metap'hase, ;they' 
are'" now intimately,'paired.. They take -up' a'- central . position, andj- as- 
'they'.'Can be recognized up -to a late stage in telophase '(cf. PL' IX, Fig. ■'$),, 
form' .convenient objects in which, to 'follow the' telophasic changes. ' ' The 
'..chromosomes', become less,, precise in outline and ,,appear,'in- 'cross-section as 
., centra! axes,''surro..un'ded,.,,by .,'.a' diffusely: staining sheath,.'-' "Fi'he'-'processes run 
,'''Oiit..from'''the axes,;" to', thelimitin.g..'membran€ of the she'ath, as""ca"a,be,st -be seen ” 
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in the longer ciiromosomes^ certain of which project from the rest^ giving to 
the newly-formed nucleus a crescentic outline. The surface limits of the 
individual chromosomes are soon lost in the formation of the nuclear 
vacuole, but the chromosome axes remain distinct, and in most cases undergo 
a median vacuolization which reduces them to the appearance of irregularly 
vacuolated double threads. Meanwhile there has been a gradual moving 
apart of the chromosomes, corresponding to a gradual increase in volume of 
the nuclear vacuole. It is not possible to recognize the occurrence of 
a median vacuolization in the case of every chromosome. 

Ifiterphase. The chromatic threads become finer as the nuclear 
volume increases, and the limits of the chromosome areas can no longer be 
distinguished with certainty, owing to the very slight differences in thick¬ 
ness between the axial threads and the anastomoses. The chromatic 
material is very evenly distributed, and there is no indication of chromo¬ 
centres or prochromosomes. 

Propkase. The prophasic changes are best followed in polar view. By 
the breaking down of the anastomoses somewhat irregularly vacuolated 
chromatic bands become distinguishable. These condense into polarized 
wavy bands with a median vacuolization, which gives them the appearance 
of being double structures. The final stage produces from these bands very 
slender spirally coiled threads, which show no trace of doubleness at their 
first formation. These spiral thi*eads begin at once to straighten out, and as 
they do so their doubleness becomes apparent. Approximately the diploid 
number of threads which follow parallel courses in pairs can be recognized. 
This association is of a different order to the intimate association of the 
daughter halves which can be seen at the same time. 

The so-called vacuolization which is described by some authors as 
effecting the separation of the daughter threads Is really a result of that 
separation, and its appearance can be produced at any time up to metaphase 
by varying the^ fixation or the differentiation. It is a' phenomenon of quite 
a different kind to the vacuolization of telophase. Like the anaphasfc 
chromosomes, the daughter threads exhibit a moniliform structure which is 
correlated with' the ‘ vacuolate' appearance referred to above. The most 
prominent features in this vacuolization are produced by the constrictions 
which are already visible. Inequalities in the distribution of the granules 
producing larger or smaller vacuoles occur also at' other points in the 
chromosomes, as, is shown in'PL IX,'Fig, 8. In the case of the constrictions' 
it is certain that the vacuolization' corresponds to definite features of the 
chromosome structure,'■ constant in. position and occurrence.' It seems 
probable that"'this is"'a!so true of the remaining, vacuoles, though'it .is not 
pO'S'Sible , to ' ' "CO'ntrol' their'' occurrenee ■'in' different nuclei , with the', same 
..accuracy.'^',' ' ' ' 
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Discussion. 

The literature of chromosome pairing in both animals and plants 
is considered at some length in the paper of Metz (6),. to which reference' 
should be made. Apart from metaphase, the evidence, sO' far as plants are 
concerned rests on the rather unsatisfactory basis of a numerical considera¬ 
tion of the prochromosomes. The closeness of the association described or ■ 
inferred ranges from a tendency to pairing in Crepis (Rosenberg, 13 ), to 
complete fusion of the prochromosomes in pairs, reducing them to the 
haploid number, in Musa sapiejitum^ var. Dole (Tischier, 16 )* The more 
certain method of following the fate of individual chromosomes, which is 
possible in Galtonia^ shows that the association is a very loose one, except 
for a short period at anaphase, and that it is not of such a nature as 
to serve as an explanation of the double structures observed during 
telophase and interphase. During metaphase there is very frequent 
interruption of pairing, and it is obvious from the distribution of the 
chromosomes with satellite segments that it by no means follows that 
equal chromosomes in juxtaposition are necessarily members of the same 
pair. Thus in Cl. Muller’s (8) figures of Naias major the chromosomes to 
which his pair 7 are attached are attributed to different pairs owing to 
the fact they are not associated. There is little doubt, however, that 
the so-called pair 7 consist of the satellite segments of a single pair of 
chromosomes (Tschernoyarow, 17 ). Similarly in Text-fig, i, the size 
relations suggest that the chromosomes of intermediate length are paired, 
which the position of the satellite segments shows to be not actually the 
case. Such considerations led Nawaschin (10) to deny all significance to 
the occurrence of apparent pairing. Interruption of pairing at metaphase, 
however, also occurs in the Diptera, but much less frequently, as would 
be expected from the much more intimate nature of the association at all 
stages in these insects. The behaviour of the chromosomes in Galtonia 
suggests that the repulsion from the poles is miidi stronger than the attrac¬ 
tion of the homologous chromosomes for one another, so that the pairing 
relations are broken if the two influences come into- opposition. This opposi¬ 
tion is obviously less likely to occur if the pairing in prophase, as in the 
Diptera,:i's very close., 

The telophasiG vacuolization is sufficiently regular iwGalionta to afford 
support to the theory that it .involves the actual longitudinal splitting ,'Of the 
' ■chromosomes. ; A'definite proof, however, requires that it should,be possible 
■; , to,'^demonstrate ' 'continuity' between' . the telophasic vacuolization and' the 
definitive'Sp'lit 'of prophase,and this haS'been found impossible in these 
;,:;plants.'^ ,;■: ■''■■■ 

The occurrence of constrictions at. definite positions'the,.;:chr0ffi^^^ 
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somes of Vida Faba was described by Fraser and Snell (4), Since that 
time considerable attention has been' paid to their occurrence^ notably by 
Nawascliin and his pupils (2, 9, 10, 17), and by Sakamura (14, 15)* In the 
cases of Vida and Mtiscari (Delaunay (2)) constrictions occur which are 
not situate at the point of attachment of the chromosomes to the spindle, 
but the large majority of the constrictions ei^en in these cases resemble 
those of Galtonia in agreeing in position with the point of attachment* 
The relation of the constrictions to the processes involved in the production 
of the spindle is evidently close, but their appearance in propliase before 
that -of the spindle shows that they are definite features of the chromo¬ 
somes as distinct from mechanical results of stresses during division. It is, 
then, the structure of the chromosome which determines its relation to the 
spindle. 

In the genus Vida^ Sakamura (14) found that the position of the 
constrictions aftbrded a means of distinguishing cytologically the different 
species. A similar systematic significance has been obseiwed by the 
present author to be connected with the position of the constrictions in 
the genus Tnlipa. 

In Galtonia there is no reason to suppose that segmentation and 
the development of trabant segments is in any way connected with a 
gradual degeneration of the chromosomes, such as Delaunay (2) suggests 
has been the case In Muscaru It is rather to be considered that con-' 
strictions and trabants are expressions of a difference in degree' of 
attraction between neighbouring structural units of the chromosomes which 
may well have significance as steps in a process of fragmentation of the 
chromosomes concerned. In this way might be explained the occurrence 
of aneuploid chromosome numbers—numbers, that is to say, which are not 
simple multiples of a basic number common to the circle of affinity to 
which the plant belongs. Thus the basic number in the case, of the 
Liliaceae is three, and De Mol has* produced evidence which tends to 
show that the numbers four and eight found in the genera Hjadnikus 
and Belkvalia have been produced by the transverse division of certain 
•chromosomes of an original complement of three or six chromosomes of 
' equal length. Numerically his argument' would apply to Galtonia^ but 
■ in this case the original chromosomes could not have been equal. .■Unequal 
chromosomes are, however, found .in members of the Liliaceae with cliromo,- 
'some numbers still an exact multiple of three, and the fourteen chromo¬ 
somes', found In species of Atoo and Gasterza cannot be derived from 
twelve equal chromosomes, since eight are long, four' are'short, and , twO' 
',are of .intermediate length.' 

Nawaschin , (9) ' considered ' that the trabant segments : were 'Goiiipar- 
'able tO'.the'sex chromosomes 'of'insects, and ,he 'regarded''the cases',In' 
'which. hC 'observed' a trabant in €onnexioii .with only 'One, of the members' 
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of a pair as indicating sexual dimorphism in a hermaphrodite plant 
The unequal pairs found by him are, however, rather comparable to the 
unequal pairs described by Wenrich in Phrynotettix^ which also differ 
owing to the absence of a terminal segment in one member of the pair. 


Summary. 


1. The nuclei of Galionia candicans^ Dene., and of G. princeps. Dene., 
exhibit eight pairs of chromosomes, divisible into three groups, consisting 
respectively of four pairs of long, two pairs of very short chromosomes, and 
two pairs of chromosomes of intermediate length. 

2 . The chromosomes in each plant exhibit a subterminal constriction, 
consisting of a very fine non-chromatic thread, which divides the chromo- 
some into a short proximal and a comparatively long distal segment. 
The constrictions are constant in position at the point of attachment of 
the chromosomes to the spindle fibres. The constrictions are visible in 
early prophase as more sharply marked examples of the chromomere 
structure of the chromosome. 

3 . In the case of one pair of chromosomes in G, candicans and ot 
three pairs in G, princeps there is a considerable degree of separation be¬ 
tween the segments. In such cases certain authors have distinguished 
the smaller segments as satellite or trabant chromosomes. There is a 
more sharply marked distinction between the trabant and the normal 
condition of the segments in G. candicans than in G, princeps. In neither 
plant is there any reason to suppose that the trabants are in process 
of disappearance. 

4 . Pairing of the chromosomes is found to be much interrupted at 
metaphase when chromosomes of similar size lying side by side are not 
always members of the same pair as distinguished by the segmentation. 
True pairing is found in anaphase when reassociation of chromosomes 
separated at metaphase takes place. Pairing persists as an approximate 
paralielism throughout telophase and prophase. It is easily distinguishable 
from the doubleness produced by the longitudinal split owing ' to , the 
.greater intimacy of the association of the threads produced in the latter 
case,- 

.' 5 . ■ An apparent doubleness of the chromosomes in telophase and early 
prophase, independent of the paired association, was observed, but it was 
found , impossible to demonstrate the continuity of this doubleness with, that 
o,ccurring in slightly iater'prophase. 

,:This,tnvestig,ation::waS''begun, in ■ the faboratory.,of''''Birkbeck'Co&^^ 
,'.du,ring my... tenure ,"of' ;a grant from ' the Department' 'of '\Industriai : and 
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Scientific Research. It was completed at the John Innes Horticultural 
Institution. 

My thanks are due to Professor Dame Helen Gwynne-Vaiighan and to 
Mr. Bateson for unfailing interest and assistance. 
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DESCRIPTION OF FIGURES IN PLATE IX. 

Illustrating Mr. W. C. F. Newton’s paper on Somatic Chromosomes, 

All figures are of Galtonia candicaiis^ except Fig. ii, which is of G. prbiceps. They were drawn 
with the Abbe camera liicida using a Leitz, 

Fig. I. Chromosomes in anaphase showing beaded structure. 

Fig. 2. Telophase. All the chromosomes distinct. Vacuolization median. 

Fig. 3. Telophase. Progressive vacuolization has obscured the limits of some ot the 
chromosomes. 

Fig. 4. Late telophase. 

Fig. 5. Prophase, Irregular double bands mark the position of the reappearing chromosomes. 
Fig. 6. Prophase. Spirally coiled and polarized chromosomes. 

Fig. 7. The same stage as Fig. 6, but further differentiated. 

Fig. 8. Prophase. Faired granules in the daughter chromosomes. Position of the constrictions 
indicated by slender threads. 

Fig. 9. Prophase. Constrictions and terminal granules. 

Fig. 10. Prophase. Paired and longitudinally split chromosomes. 

Fig. II. Prophase, Pairing, anastomoses, constrictions, and trabant segments. 

Fig. i 2. Polarization of chromosomes. 
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NOTES. 


A3S- ABjESrORMAI. PBO-EMBBYOHIC BEANCH OP CHAEA VOT.- 

G-ASISj Ii.—In the course of work on the Characeae, which is in progress, 
practically all the deviations from the normal, already described in the literature, have 
been seen either on plants growing in their natural habitat or on pieces under experi¬ 
ment. A pro-embryonic branch of Char a vulgaris, L. {C, foetida, Bramiy showing 
a tendency to continue apical growth as a shoot, is of some morphological importance, 
and since no record has been found of the occurrence of such a branch a short account 
of it is given here. 

A normal pro-embryonic branch * is like the pro-embryo ® of the sporeling, both 
in its development and mature construction. In both, a filament of cells with 
limited apical growth is first formed; this is recognizable later as the pro-embryo tip 
(Vorkeimspitze). By divisions in one of the lower cells, two nodes separated by an 
internode are formed. Whereas rhizoids originate from the lower node, the first shoot 
of unlimited apical growth starts as a lateral bud at the upper node, along with some 
' leaves The chief interest of the branch to be described is that the pro-embryo tip 
was not a cell-row of limited growth, but had undergone divisions like the apical cell 
of a shoot. 

This abnormal branch was found on a node, being used in a series of experi¬ 
ments, in which the bases of the axillary branch and of its subtending ‘ leaf' were cut 
out from single nodes of Chara vulgaris. These nodes %vere then put in test-tubes 
which %vere filled with tap-water, plugged loosely with cotton-wool, and kept in a green¬ 
house. Under these conditions pro-embryonic branches soon developed from the 
injured nodes. This account will be limited to the node which gave rise to the 
abnormal branch. Within sixteen'days from the beginning of the experiment the 
first pro-embryonic branch (Fig. i^pr}) had appeared, and in two months' time there 
were' altogether four, in various stages of development (Fig. 'i, All had the 

stem-node (Sprossknoten) differentiated, but none had a root-node (Wurzelknoten) ; 
this is a very common deviation from the normal structure in pro-embryos arising, as 
adventitious branches.' In these cases there was only a single ceil below the^ stem-, 
node,.but.others have been seen with two or even three. In addition to these' four 
branches, however, there was a more-abnormal branch (Fig. i, hn, and Fig. 2 ). It 
had originated from one of an irregular group of cells on the upper^ side of the base'of 
one of the Ueaves ’ bordering.on'.thewound (Fig. i, sc.), ' The basal, green'ceil was". 

^ I am indebted to J. Groves, Esq., F.L.S., for naming the plant. ■ 

® .Pringsheim,: N«:";"Uber" die Vorkeime der 'Charen.' Monatsber. d. E. Akad^d.: Wiss^/.'zn. 
'''Berlin,rnath.phys*';KL,,.1862.;.. tlber dle Vorkeime'n.''die nacktfussigen ZweigC' der Chaien* ' 'J.ahrb'; 
,'T: wiss. Bot.,;t.86'2'. 

^ Bary, A, de: Die Eeimnng^eschichte..der■Charen, ..Bot, Ztg.> iSy5,.,;XXxiu.:'3.5ry,: ■, / 
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Notes, 


separated from the lowest node (Fig. 2, s,nt) by another shorter cell This node, 
which apparently corresponded to the stem-node of a pro-embryonic branch, had, 
however, no sign of a lateral branch. Only two of its segments had developed into 
leaves and these were both small and rudimentary (Fig. 2, /.). The pro-embryo 
tip of Chara vulgaris usually consists of a row of three cells, but in this case, 
instead of the third and uppermost cell, there was a node (Fig. 2, and above 
this a dome-shaped apical cell,.exactly like the apical ceil of a shoot (Fig, 2, v.). From 



Fig. I. Chara zmigaris. Isolated node with developing pro-enabr5''onic brandies, x 10. 
abnormal pro-embryonic branch; pro-embryonic branches ; rhizoids; wound 

t,, pro-embryo tip. 

Fig. 2. ^ Chara vulgaris. Abnormal pro-embryonic branch, x 75. leaves of stem node 
//., leaves of apical node; n.f apical node; saz,^ stem node of pro-embrj^onic branch apica 
cell 

the node (Fig, 2, n,) two ‘ leaves ' (Fig. 2, //.) had grown,. They .were small and rudi¬ 
mentary, each being made up of only two cells. As at the other node, there was,no' 

. sign of a lateral branch. ■ , ' , 

This branch evidently corresponds to a pro-embryonic branch and therefore to a 
pro-embryo, while by the transformation of the pro-embryo tip it approaches the 
construction of a shoot with its apical growth. The only case at all comparable with 
this appears to be one described by Nordstedt.^ In his specimen, as a result of the 
"suppression or destruction of the pro-embryo,, one of the other cells of the first node,. 

- Nordstedt,, 0.,; Higra':|aktagelser-ofver''Characeemas'gxomng. ' Lunds Univers.’Xrsskrifter, 
"'ii, l8.%« ' ■ 
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at the apex of the oospore, had grown out into a branch. This branch resembled a 
shoot with apical growth, but no appendages had been formed at ■ the lowest node. 
A comparison of Nordstedt’s specimen with the one described here would seem to 
indicate that both were structures intermediate between a pro-embryo and a shoot 
with apical growth, but while Nordstedds branch had characters more like those of 
a shoot, this abnormal branch, judging from its place of origin and the general 
arrangement of its cells, can be regarded as derived by the transformation of a 
pro-embryo tip. 

This is the only example which has been met with so far, and it is impossible to 
make any suggestion as to the factors wdiich caused its development. 

KATHLEEN M, DREW. 


Cryptogam ic Research Laboratory, 
University of Manchester. 


A MTOTB OH THE BOBMAHCY OE THE SEEDS OE LATHYEHS 
MABpITIMUS. — Lathyrus mariti?nus^ Big., the sea pea, is a perennial occurring 
locally on the coast of Britain, principally on pebbly beaches. The material used 
for the investigation here recorded was obtained by one of us from the Chesil Bank, 
Dorset, in the neighbourhood of Abbotsbury, during the excursion to the Bank of the 
British Ecological Society on August 26,' 1922. We. are indebted to Professor F. W. 
Oliver' for pointing out some of the characters of this interesting plant, including the 
character which forms the subject of the present investigation—the dormancy of 
the seeds. 

The seeds of Lathyrus mariiimus^ w’hen mature in the pod, are almost spherical, 
about 0*22 cm. in diameter, olive green to brown in colour, with an average weight of 
about 0‘039 grm. On an average about six seeds are contained in a pod. The 
specific gravity of the seeds when shed is less than unity, so that the seeds float 
on distilled water, and consequently on the heavier sea-water. 

The seeds, when sown under conditions favourable to germination, show no 
tendency to germinate. This dormancy may be. due to a variety of causes,^ but, 
as with many Leguminosae, the seeds possess a tough coat, and it is a likely 
possibility,. as with many other Leguminosae, that the dormancy is due to the 
impermeability of, the seed-coat to water. 

Experiments w^ere' therefore made in which the see.ds were placed in a vessel, 
containing distilled water and were weighed at intervals. These experiments revealed' 
■the fact that the seed-coat "is exceedingly impermeable to w-ater. For example, twenty 
seeds were placed in distilled'Water m-aintained at 25° C. and were weighed at intervals.' 
The whaler was occasionally renewed, and after'two months in a thermostat the bottle 
containing the seeds, was removed to a table in the laboratory,'where it remained 
during the further, course of .the experiment ■'at laboratory' teiii,peratare (about. i6°'C.). 
After' the lapse of twelve months the seeds had not absorbed any 'water whatever. ■ The' 

1 Cf. Crocker, Amer..JoiirQ. Hot., iii. 99, 1916. ' 

.'■» ..p 
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weights of the seeds actually found in one experiment are given in Table I. Any 
difference in weight at different times is clearly within the range of experimental error 
arising from slight differences in the degree of drying of the seeds. 


Table L 


Weight of hveniy seeds of Lalhjrus naritimus after various times in contact with 

distilled tvaler. 


Time in days. 

Weight in grai 

0 

o*Soi 

i 

0.802 

5 

o.Soi 

.14 

0-8015 


0.8015 

S7 

o-Soo 

124 

o.Soo 

163 

0.S005 

302 

o-Soo 

3S1 

o-Soi 


Ill order to make certain that the incapacity of the seed to absorb water is due 
to the impermeability of the seed-coat and not to some other unsuspected cause, the 
coats of a number of seeds were chipped in places so that the continuity of the coat 
was broken. Such seeds, when immersed in water, absorbed the latter at once with 
considerable rapidity. Two experiments may be quoted from a number giving 
similar results. The coats of twenty seeds were chipped in places away from the 
radicle and soaked in water. They were removed from the water at intervals, dried 
rapidly and thoroughly, weighed, and returned to the water. The results are shown 
in Table II. The time taken for the weighing is not included in calculating the time 
of immersion of the seeds. It will be observed that under these conditions absorption 
of water commences at once and continues for four or five days, by which time the 
seeds may have absorbed water to the extent of 230 per cent, of their original weight. 


Table IL 

Absorption of water by twe^iiy seeds of Lathyrus mariiimiis with chipped seed-coats. 


Time in hours. 

Weight in grammes. 

Sample 2. Sample 2. 

23° C. ■3 5°C. 

(Sam in weight 
Sample i. 

m grammes. 

Sample 2 

0-0 

0.7840 

0-7758 

0‘0 

0*0 

,0*32 ' 

0.8229 


0.03S9 


, ■ ' <=-53 

0.8829 

— 

0.0989 

— 


1.1179 


0-3339 

— 

"i-6o , 

^•3750 


0.5910 

“ 

' '23-0', ' , 

'' “* 

2*5105 

— 

' '1*7347 

47*3 


2*5455 


1.7697 



2.5478 


1.7720 

133.0 

— , 

2.5654 

, — 

1.7S96 


■ Seeds so treated when sown in soil .in pans in the laboratory germinate .without 
delay, and after the lapse of seven to fourteen days the epicotyls of the seedlings are 
visible above, the, surface, of the soil ' There thus can be no ,'doubt that the„4ormancy, 
of the seeds';;Of 'is':.’the' resistance.'.to the passage 

of water offered'by the seed-coat. 
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It is of interest to discover, if possible, to what the impermeabilitj to water of the 
seed-coat of Laihyrus viaritimtis is due. To this end samples of seeds were treated 
with different reagents for various times, and then the swelling capacity examined by 
placing the seeds in distilled water ; in this way it may be determined whether the 
solvent removed any substance to the presence of ^vhich the impermeability of the 
seed-coat is due. Ether, alcohol, chloroform, and petrol-ether were employed, 
the seeds being immersed in them at laboratory temperature for various times from 
five minutes up to twenty-four hours, but in no case would the seeds absorb 
water after such treatment. That this result was not due to penetration of the solvent 
and subsequent killing of the cells was shown by chipping such treated seeds, when 
they were found to be capable of swelling in water and of subsequent germination. 
It thus seems unlikely that the impermeability is due to impregnation of the cell-wails 
of the seed-coat with a fatty substance. 

On the other hand, soaking the seeds in concentrated sulphuric acid for thirty-five 
minutes rendered them capable of absorbing water and swelling. Ten seeds so 
treated were planted after swelling in water, and all germinated. 

Treatment of seeds with boiling water for five minutes also rendered them 
capable of swelling in water, but this treatment kills the embryo, for seeds subjected 
to this process failed to germinate. In water at C. three seeds out of ten were 
rendered capable of swelling after five minutes, one more after fifteen minutes, and the 
remaining six after twenty-five minutes' treatment, but In all cases the seeds were no 
longer viable. Longer treatment at C. produces the same result. After 
immersion in water at 70^ C. for one hour, two seeds out of ten swelled, and one more 
after three hours' immersion, but here also the seeds were killed by the treatment. 

Immersion of the seeds in sea-water for short periods up to twenty-four hours is 
without any effect on the dormancy of the seeds, but Professor Oliver informs us that he 
has observed the germination of the seeds after prolonged treatment wi'th sea-water 
lasting many months. 

It thus seems likely that the impermeability of the seed-coat is due to the 
structure, possibly the colloidal structure, of the cellulose-pectin constituents of the 
cell-walls. These, as shown by microscopical examination, swell up in concentrated 
sulphuric acid and in hot water^ and then become permeable, perhaps in much the same 
way' as artificial membranes of collodion are made permeable if treated in their 
preparation with alcohol-water mixtures,' wLereas'the'air-dry membrane is imper¬ 
meable to water.^ , 

'A microchemica! examination of the cell-wall supports this view., The cell-wall 
strongly reacts,with the' usual cellulose■ reagents—iodine,■ chlor-zinc, iodide, con¬ 
centrated sulphuric acid and iodine, and concentrated sulphuric acid. Gn the other 
hand, it does not give a reaction for lignin, while treatment with alkanin, osmic acid, 
and scarlet R, while indicating the presence of'a. small amount of fat, suggests that 
this is present in only relatively small quantity. ■ ■ ' 

'' It; is worth noting that the swelling of the seeds of Lathyriis^ maritimus in water 

; 'W. Brown, Biocheiii.' Jouni., is. 591,-; r9r5. If this vieW' .is correct, it:is'"pos.sible that seed 

freshly'harvested and'Sown at once, before'the'seed-coats become too■ dry,' may'absorb water and 
germinate 'fort,hwith. Our mater!.al lias not enabled as to examine this possibility. ,' 
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cannot be exclnsively a simple osmotic phenomenon. As the dry seed Avill absorb 
water when the coiitinuiiy of the seed-coat is broken, clearly the seed-coat cannot be 
acting as a semi-permeable membrane in this absorption. Also, as the seeds will 
absorb water after treatment with hot and even boiling water, which kills the cells, it is 
■extremely improbable that the limiting layer of the protoplasm can be functioning as 
a semi-permeable membrane, as killing a cell always appears to involve the breaking 
down of the semi-permeable properties of the protoplasm. It would therefore appear 
that the absorption of water by the seeds of Lathyrus mariiwius is due, at least 
in part, to swelling of the colloidal constituents of the cells of the embryo. 

From an ecological point of view it is interesting to speculate on the way 
in which the seeds of Laihyrus maritwius come to germinate under natural con- 
ditionSj having regard to the impermeability of the intact seed-coat. It may, of 
course, be that reproduction chiefly takes place vegetatively by means of rhizomes, 
and that reproduction by seeds only takes place occasionally. Or possibly the seeds 
are rendered capable of absorbing water by long contact with sea-water. However, 
it seems by no means impossible that water-absorption and germination are rendered 
possible by mechanical damage to the seed-coats resulting from the knocking and 
rubbing against them of the pebbles which are present in such abundance, at 
any rate in some of their natural habitats. Although stated by Babington ^ to be 
a rare plant, Laihynis mariiimus is locally so abundant on parts of the Chesil Bank 
as to give a green colour to the Bank in places. The extreme roughness of the seas 
which break on the bank in autumn and winter is well known, and during gales and 
heavy seas the pebbles of the Bank are hurled about and against one another with very 
considerable force, and the coats of the seeds of Lathyrm ?naritmus, shed and lying 
among the pebbles of the Bank, may very conceivably receive sufficient damage to 
enable the easy entry of water, and so permit the subsequent germination of the seed. 
Such a suggestion is merely speculative, but it appears at least credible, especially in 
view of the fact that it is ^vhere these conditions of a pebble habitat and rough seas 
occur that the plant is present in abundance. 

WALTER STILES. 

MARGARET E. BELLOW. 


ITniversity College, Reading, 
II June 


■■ A "METHOD OE IKTOCITDATIHG THE APPLE.—During the course of an' 
investigationdntO' the diseases incident to fruit in cold storage undertaken forthe.Food 
Investigation Board, Department of Scientific and Industrial Research, it' became 
necessary to carry, out a large number' of inoculations of apples at yearly, intervals, 
,using fungi''originally isolated, from diseased apples, with a view, to determining: 
,,whether'' theseTungi were, able to .'attack ■ the living tissue^ 'when the apples were kept 
at relatively low, ,tem,peratures,,(i-5,°, C.), and w,hether oertain''Varieties of apples,^'were', 
',^,,more' 'SUspeptl'ble to'''fungal attack',than;others,. 

^ Mainial of British Botany, Ninth Edition, London, 1904. 
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In the earlier experiments a method somewhat similar to that devised b}'". 
S. G. Paine for inoculating potatoes with bacteria was adopted (see Report of the 
International Phjtopathological Conference, Wageningen, Ploliaiid. now in the press), 
A cylindrical cavity of the required depth is bored in-the apple by means of a steel 
auger of the requisite gauge, previously dipped in absolute alcohol and flamed; 
the inoculant is then inserted. In the meantime a sterile cork-borer has beeo' 
plunged deeply into the flesh of another apple and withdrawn again, and should con-; 



tain after withdrawal a cylindrical core of tissue, '.The borer should, be selected' 
to cut out a plug that will just fit the hole made in; the first apple.. If the plug is toO:'- 
long for the, hole, it Is cut off' flush with the skin. The disadvantages of this method; 
arCy firstly, the use of the flesh, of a second apple which may differ chemically froi^f 
the first,'and se'Condly, since the plug is cut .to; make it level with the skin of the apple, 
.the cut end of the plug is' unprotected'from^'lpss of water, through evaporation., ■ ; 

',.' A modi'ficatioB' of' this method, was ultimately .adopted, which' obviates the use ^ 
an,^auger, and is'not'.subject to'the.'above-mentioned, disadvantages.,',. A cylindf'^l 
."plug waS' removed by a,'cork-,b'0,rer, and 'after inoculation the' same, plug was 
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in the cavity. When inoculations are undertaken on a large scale the operation is best 
performed by two persons. The first person plunges a sterile cork-borer into the 
apple to the required depth (Fig. i); the borer is then rapidly removeck and with care 
ill manipulation should contain a plug of apple tissue and leave a cylindrical cavity in 
the apple. Immediately after removal the borer is suspended over a o-i per cent, 
solution of mercuric chloride contained in a conical flask (Fig. 2). The apple is then 



Fig., 5. Fig. 6, 


to- the second person who inserts the inoculant (Fig. 3), After inoculation the 
le is returned to the first person, who applies the borer to the aperture in the apple 
pushes the plug home by means of a glass rod (Fig. 4). Melted paraffin is then 
"led, round the' margin of the plug by means- of a small glass dipper (Fig. 5). ■ Fig. 6 ' 
,:sh,ows the apple after sealing. ' If the apple is inoculated,, at more , than one point the 
process es repeated, h: Finally the applet's passed to the second person, who lightly rubs 
3tS'whole surlace with,'.clean,"cotton-wool-previously■ moistened with absolute alcohol. 
1 is thenwrapped-,ill-s,terile grease-proof :■ paper (sterilized- in the hot-air oven:-at- 
£ 80° G.) 'which' ,is', sealed "-with 'adhesive.- paper' and - labelled. ■. - -It, is possible ,to .prepare 
twenty apples per hour, inoculated at two points each, by this method. 

This method cannot be adopted for the inoculation of potatoes^ The successful 
^'oval of a plug depends on two factors: (i) the friction between the plug and the' 
the greater the friction the'''mote easily is the plug withdrawn; the apple plug 
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possesses a sliglitly rough exterior and clings to the wall of the borer; the potato' 
plug, on the other hand, is smooth and soapy and does not cling, the friction of' the 
skin being insufficient to bring about its removal; (2) nature of the tissue : the tissue 
of the potato is tough and elastic, whereas that of the apple is more delicate and 
brittle. In the case of apples failure to remove plugs did not amount, after a little 
practice, tO' more than 3 per cent., whereas with potatoes it was impossible to 
remove an undamaged plug. 

Uiiinoculated plugged control apples kept for six months at 1° C. siiil retained 
their waxen seals intact and healthy unshrunken plugs. In some cases where bitter 
pit had developed in control apples, small brown spots were found in the tissue 
of the plugs. ^ 

The method of sterilizing the apiples by the application of absolute alcohol 
proved very successful* During the season 1922-3, less than i per cent, of the 
apples (1,500) inoculated became accidentally infected wuth Pemciliiimi^BoUyiis^ and 
other moulds during the time they were stored in the PC. chamber at the Low 
Temperature Research Station, Cambridge. 

Some evidence has been obtained that the actual lesion of the tissue induces an 
alteration in the physiological condition of the cells of the tissue adjacent to those of 
the plug. Thus the incidence of ‘ internal break-down ’ is arrested in the neighbour* 
hood of the boring, especially in Bramley’s Seedlings kept at low temperatures. 

K. 'GRANGER. 

, A. S. HORNE. ,/ 


Imperial College of Scien^ie 
and Technology, 


'OSM,UHBITBS KIBSTOHI, STORES. —Some years ago Dr. Slopes^ described 
and 'figured' a fossil plant from Queen-siand, probably of Cretaceous age, which she 
named Osnimidiles As it shows a solid stele, wffiile the leaf-bases are of the 

same type as in other Osmmidaceae, it is considered by this author as an intermediate 
form-—a missing link—between the protostelic Osmundaceae and the more specialized 
members of this group. ' 

'. Considering the figures,. I felt some doubt whether the axis did or did' not belong" 
to' the. coating of leaf-bases. I am much ind'ebted'to Dr, Smith Wo,odward, F.R.S., 
Keeper of the Geological Department of the British'Museum (Natural History),'who 
kind'iy permitted me to study thC' specimens. - The examination confirmed my opinion, 
which is based upon the following arguments, (r) 'The distribution of the petioles, 
.shown' in PL II ( 1 . c.). If the small stem, -which' is visible in Figs.. 4' and 5, really 
belongS't'O.the same plant as-the leaf-bases, it might-be expected that those leaf-bases 
, which - are • pre.,sent' in the same .slide would be arranged round■ the stem. This, however, 
is not' the case. The petioles' are' lying' close .together, forming, a thick.'Coaling' 
'as- in ..the otheir Osmundaceae.. .Only.'a part of'this-coating is present in the 'Specmien'; 
".'the' .planes - sy.mmetry of the leaf-bases meet,; oiilside the slide '. where... the axis- 

- .Auoals uf Botany j voL xxxv, 192.1 ,,'pp. 55-61, FL 11 .' \^ 'A. 
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might be expected. (2) The condition of preservation of the petioles. The leaf- 
bases lying near the stem, which is clearly marked off from the surrounding tissues, 
are crushed, as if the stem had penetrated into the mass of leaf-bases. (3) The struc¬ 
ture of the stem. As the coating of leaf-bases is well developed, it is very probable 
that the stem belonging to them possessed short internodes, as in the other Osmunda- 
ceae^ and numerous leaf-traces passing through the cortex and fusing with the central 
bundle might have been expected. Besides, connexion between the outer parts of 
the cortex and some leaf-bases might have been observed. This, however, is 
not the case. The stem is clearly marked off from the surrounding leaf-bases, and no 
leaf-traces passing through the cortex could be observed. The tissues of the cortex 
have wholly disappeared ; only the central xylem is present, surrounded by a layer of 
large, strongly-marked cells. The structure of the six-rayed star of primary wood is 
the same in all the slides; no fusion with an incoming leaf-trace is visible. These 
characters point to the possession nf long internodes, quite different from the 
structure usual in the Osmundaceae. Moreover, its size, when compared with that 
of the vascular bundles in the leaf-bases, is smaller than in the protostelic Osmunda¬ 
ceae, as Thafunopieru and Zalesskya, 

Smnmary. The specimen which has been described as Osrmmdiks Kids/om 
consists of a coating of leaf-bases of a species of Osmundiies closely allied to that men¬ 
tioned by Kidston and Gwynne-Vaughan,^ and a piece of a stem with long internodes 
which penetrates into this packing of leaf-bases, without belonging to them ; the 
affinity of the stem is uncertain. 

O. POSTHUMUS. 


Botanical Laboratory of the 
State University, Groningen. 

1 Transactions of the Royal Society of Edinburgh, vol. I, 1914, p. 47S, Text-fig. 4. 
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D uring an examination of the food reserves in the bud of Picea 
canadensis in 1921, the structure appeared to be so interesting that it 
was decided to make a comparative study of several genera and species of 
conifers, native to Western Canada. 

There appears to be but little literature available dealing with the 
structure of vegetative buds of conifers, most observers having confined their 
attention to the seedling, mature vegetative organs, and reproductive struc¬ 
tures, and there is even difference of opinion as to the degree of differentiation 
of tissues at the growing point. 

Many questions of great physiological interest attach to such structures. 
A number of the Coniferae reach farther north and attain higher altitudes 
than any other trees, and are exposed for many months in the year to tem¬ 
peratures ranging down to —-do® C. The storage of food materials, water 
relationship, and the phenomenon of dormancy can only be successfully 
studied if the tissue arrangement of the buds is previously known. 

All the trees described in this paper are members of the Abietineae, 
species of the following genera having been investigated : Picea^P seiidotstiga^ 
Larix^ Abies^ Pinus, 

Material was collected during the spring, summer, and autumn, except 
in the case of some species which only occur at high elevations in the moun¬ 
tains. After having been fixed and preserved in alcohol, microtome sections 
by the paraffin method were made. In spite of several hours' exhaustion 
under a rotary air-pump before passing on from the alcohol, much of the 
material proved to be very refractory, owing to the closely overlapping bud 
scales and the large' amount of air contained in''the tissues. In' some'cases' 
this difficulty was''got'Over'by 'dissecting 'off^ the bud scales, hut '.in'VQther, 

''CAwnals of'Bota&y,, Vol. XXXVni. No. CI.. April, 1924^ 

'"'A- ';Q,'. : 
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material the best method of obtaining complete sections of the delicate 
structures was by means of a Spencer carbon dioxide freezing microtome. 
This gave excellent results, particularly with fresh material, and sections 
could be cut nearly as thin as those obtained by the paraffin method, 

Picea canadensis^ (Mill.) Bt S. P. 

This is one of the most widely distributed trees in Canada, and reaches 
elevations of 6,cco to 7,000 feet in the mountains. 

Ill Western Canada the bud begins to elongate in May, and the young 
shoot is usually fully formed by the middle of June. 



shoots; r., cavity formed by breaking down of medulla; r.d.y resin duct. 

The general arrangement of the tissues of the mature winters bud may 
first be described. 

During the winter the bud is invested with brown chaffy scales forming 
a conical covering which rises on the inner side, about 3 mm. beyond the 
apical cluster of young leaves. The bases of the inner scales, which contain 
chlorophyll, are fused together into a tubular structure rising to a level of 
about halffway up the conical mass of young leaves. The general arrange¬ 
ment is shown in Fig. I. The young leaves are borne on a cone of 
parenchyma (Fig. the future medulla of the next year’s shoot. 

This is surrounded by a series of procambial strands {pc, st) arranged in 
a circle and continuous with those entering the young leaves. The future 
IBedulla is bounded below by a deep layer of thick-walled cells which we 
have called the ‘ crown ’ The old medulla below the crown breaks 

down during the autumn and forms a cavity (^.) of considerable size. 

The following points may now be described in detail t {a) growing point, 
{b) medulla of the bud and procambial strands, {c) the crown. 
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i^d} Grozving pomt. 

Different accounts have been given by several investigators as to the 
presence of the dermatogen, periblem, and pleurome in the growing point 
of the' Gymnospermae. In the Abietineae, according to de Bary (l)^ the 
three layers run together into a common initial group which occupies the 
extreme apex; a separation into three layers first appears at some distance 
beneath this in Cycas, and more clearly in the Abietineae. Koch (2) found 
that the dermatogen is not constantly distinct, the apical layer undergoing 
periclinal divisions and thus contributing to the cortex as well as to the 
epidermis. Neither does this observer find any distinct initial group for 
the central cylinder, for the supposed pleurome gives rise to the pith only. 



\ / ' p6 

pL 

Fig. 2, Growing point, July- scale; dermatogen; pb., periblem; 

/>/., pleurome ; i, c, pL, initial cells of pleurome, 

which is the first tissue to be differentiated ; the procambial strands arising 
from the so-called periblem. 

Our observations agree to some extent with those of Koch cited above, 
and lead us to the conclusion that there is no sharp differentiation between 
the dermatogen and the periblem, but that the pith is formed from a special 
group of cells some distance below the apex of the stem. This condition of 
things also applies to Abies and Pseudotsuga. 

The apex of the stem in early July is shown in Fig. 2. At this time 
the shoot is fully elongated and the bud for the ensuing year is beginning 
to be formed. The dermatogen and periblem are not clearly separated, 
periclinal and anticlinal cell divisions taking place in the tissue from ^. to/ 5 . 
The pleurome is formed by the division of a group of cells at c, pL (Fig. 2), 
and meristematic divisions occur for some distance down, and it is the lower 
layers of these cells which later thicken up in a characteristic way to form 
the crown. Meristematic activity spreads out from this level through the 
periblem to produce the lateral extensions of the crown, which is fully formed 
inAugust 
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{b) Medulla of the Bud and Procambial Strands. 

The medulla above the crown consists of a conical mass of regularly 
arranged parenchyma. Immediately above the crown the cells are flattened^ 
but elsewhere they are iso-diametric, terminating above in a group of large- 
initial cells shown in Fig. 2 {L The first few rows of cells below the 

initial group are clearly meristematic. The whole of the medulla above the 
crown, except the initial cells, is greenish in colour in sections from living 
material and is sharply marked out from the colourless cells of the future 
cortex (Fig. 2,The mature medulla of the shoot is interrupted at 
intervals by transverse bands of sclerotic cells, but these cease some distance 
below the crown. Similarly, they do not appear until the bud has elongated 
during the early part of the summer, and are thus absent immediately above 
and below the crown. In the late summer or autumn the medulla breaks 
down to form a large cavity immediately below the crown. In some cases 
a considerable amount of mucilage appears in the cavity, and this apparently 
arises from the breaking down of the parenchyma cells. Although different 
in position, it recalls the slime-cavity or parichnos present in Lepidodendofiy 
and in recent plants such as Lycopodium and some species of Isoetes, 

The procambial strands, or desmogen, appear to originate in the leaves ; 
passing through the periblem, or young cortex, they fuse into a sheath 
round the lower part of the parenchymatous cone which forms the medulla 
above the crown. 

(r) The Crown. 

This at maturity is a well-differentiated structure which separates the 
mature portion of the last year’s shoot from the young tissues of the bud, 
and is pierced only by the procambial strands coming from the leaves. 

In shape and character the crown may be described as a layer of thick- 
walled cells extending over the base of the growing tissues of the bud, and 
extending downwards on the inner side of the vascular ring for a short 
distance and upwards into the innermost scales of the bud. Its shape is 
shown in Fig. i at cr. During the late summer or early autumn the 
medulla immediately below the roof begins to break down, leaving a cavity 
extending down to the lowest prolongation of the crown. This cavity per¬ 
sists, and can be recognized in nodes many years old with the central arch 
of the crown present as a thin, horny layer above. 

In sections of fresh material taken in the winter with a carbon dioxide 
freezing microtome, the cells of the roof stand out distinctly from the rest of 
the tissue. The cell-walls are thick, quite colourless and clear, and contrast 
with the greenish tinge of the adjoining medulla and old cortex* These 
walls give no lignin reaction, and tests for cellulose with chlor-zinc-iodine 
are negative, and this applies likewise to all the meristematic tissue and 
young leaves above the crown. The tissues below the crown, on the other 
hand, give a positive reaction with this reagent. The procambial strands 
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give a cellulose reaction for a short distance above the crown. The walls 
■of the crown are unstained by methylene blue alone, but if treated with 
hydrochloric acid and alcohol for twenty-four hours they then stain deeply 
with methylene blue, showing them to be formed of some pectic substance. 
The cell cavities are irregular in shape, often being much elongated in a 
transverse direction with irregular extensions ; in fact, the tissue can be best 
described as a thick layer of pectic substance with irregular cavities. These 
irregular extensions of the cell cavities suggest the presence of intercellular 
communications. 

Sections of fresh material were cut in the carbon dioxide freezing 
microtome and immediately transferred into i per cent, osmic acid for fixing. 
The material was then treated by the method given by Strasburger (3). 
Excellent preparations were obtained by this method, the structure being 
illustrated in Fig. 3. 

The crown at maturity is a structure of pectic substance which com¬ 
pletely divides off the older parts of the stem and the tissues of the bud, the 
only communication being by the procambial strands, in which lignification 
does not begin until a level just below the lowest extension of the crown is 
reached. 

During the anatomical work some observations were made on the 
entry of eosin solution into the vascular system. One-year shoots were cut 
at various times in January and the cut end placed in eosin. Sections were 
taken forty-eight hours after with the carbon dioxide freezing microtome. 
It was found that eosin was conducted up the xylem strand as far as ligni¬ 
fication extended, i. e. as far as the base of the crown. Slight infiltration had 
taken place into the disorganizing parenchyma cells just below and at the 
sides of the cavity. No penetration occurred in the crown cells or in any 
tissue of the bud above the crown. All the buds obtainable in a fresh 
condition were treated in this way, and the uniformity of the results suggests 
Jhat water is prohibited from entering the dormant bud. According to 
Priestley (4) the meristematic cap in roots^ prevents the passage of water 
under a pressure of two atmospheres, but a similar condition of things does 
not exist in the stems of Vida Faba, and PJiaseolus vulgaris In the 
case of winter-buds with a long period of dormancy there must be some 
factor inhibiting the entry of water. The elongation of the bud begins 
during May, and by June considerable elongation has taken place and the 
young leaves are beginning to show. The actual dates show considerable 
variation, corresponding to the great differences in habitat of the tree. In 
Fig. 4 is shown the condition in material collected near Edmonton in early 
June 1923. The bud scales are not yet completely open, but the axis shows 
considerable elongation, due to the activity of the meristematic cells just 
below the Initial cells L c. pL (Fig. 2). , The old crown is seen 'and 

there is some thickening of the new meristematic cells at' marking the 
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position of the crown for the next winter’s bud. The lateral and downward 
extensions are not yet developed. Lignification of the vascular strands now 
stretches as far as iig, (Fig, 4), and the strands passing in from the young 
leaves are also lignified towards the base of the bud. The subsequent 
elongation of the axis is due to the irregular divisions of the cells and their 
growth in size. 

Picea Engelmannii^ Engelm. 

Eiigelmann’s spruce is confined to Western Canada, and its distributioo 



Fig. 3. IHcea canadensis^ January. Cells 
of crown treated to show protoplasmic inter¬ 
communication, Camera iiicida, Zeiss , oil- 
immersion obj, , 



Fig. 4. Ficea canademis.]m\ii.. .Lateral 
bud. crown of previous year ; rr®., crown 

just arising at end of shoot ; pc^ sLj pro- 
cambial strand ; jf. L, young leaves ; young 
cortex; cavity; Hg.^ level of lignification. 


extends fi'om about 8,000 feet in the Eastern Rockies to near sea-level at 
the Pacific coast. 

The bud is somewhat larger and more massive in structure than 
P. canadensis, but presents similar features as regards relative position of 
cavity, crown, and meristematic tissue, 

{a) Grotmngpoint. The pleuronie arises from a group of initial cells 
(Fig. 5, 2. c.pL) clearly differentiated from the periblem in size, shape, and 
density of contents. The initial cells give rise to a thin layer of rapidly 
dividing cells below, which pass into iso-diametric, regularly arranged cells 
of the young medulla (Fig. The dermatogen appears to be more 

sharply differentiated from the periblem than in the preceding species. By 
periciinal and'anticlinal divisions the dermatogen gives rise to theprimordia 
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of the leaves seen in Fig. 5, b. The formation of the procambiai strands or 
desmogen is represented by the outer, regularly arranged cells of the pleiirome 
strand. 

[b) The crown is relatively thicker and more massive than in the 
white spruce, and its lateral extensions stretch farther into the inner 
bracts. The lumen of the cells is smallei'j but protoplasmic intercom¬ 
munication occurs between the cells. The reactions of the wall are similar 
to P. canadensis. 

Pseiidotsiiga Dottglasii^ Carr. 

Douglas Fir occurs in the sub-alpine zone of the Rockies, and although 
occurring westward from the foot-hills of these mountains, it only reaches 



pi 


Fig. 5. Pkea Engelmanni. Growing point of terminal bud, September. pleiirome; 
b.^ formation of leaf; i. c. pl.^ initial cells of pleurome ; d,y dermatogeii. 

»' 

its greatest development at the Pacific coast. The general structure of the 
bud is similar to that of Picea. 

The same differentiation of the growing point can be obseiwed, the 
pleurome arising from a group of initial cells. The crown is le.ss massive in 
structure, the downward prolongation is not so marked, and the transverse 
portion not quite so deep. 

The cavity in the medulla below the crown forms later, and is not 
nearly so extensive. The old medulla is traversed by transverse bands of 
sclerotic cells, but consists of parenchyma only for some distance below 
and above the crown. 

The growing point is shown in Fig. 6, the initial cells of the pleurome 
being distinguished as'a group .■of about' nine large cells giving rise, to 
a narrow roeristematic layer below, the procambiai strands of the lower part 
,.of' the-, bud , being .continuous''with'.the regularly, .arranged row "of cells 
pc. St. 
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Larix Lyailii. 

This tree is confined to high altitudes in the Rocky Mountains and 
Selkirks, being found at elevations of 6,800 to 7,800 ft. on ledges and slopes, 
often forming scattered woodland or parkland amongst alpine meadows. 
The growing season is short, the leaves usually not unfolding till late in June 
or early July, although snow may remain on the ground until the end of July. 
The leaves fail at the end of September. 

The leaves are borne in fascicles, on short lateral braiichlets which vary 
from 0*5 cm. to i«5 cm. in length, according to age. In this species the 


Fig. 6. Pseudolstiga Douglasii. Apex ut 
bud showing differentiaiion of nieristem in late 
September, initial cells of pleiirome ; 

dermatogen ; periblem ; //., pIeurome;7^f. j/., 
TOW of cells giving rise to the procambial strands. 


Fig. 7. Larix Lyallii. Lateral branchlet, 
July, y., leaves; growing point; w., 

medulla; remains of medulla of previous 
year; cr,^ crowns of successive years; 
scales; v, vascular strand; /r., leaf- 

traces. 


branclilets produce leaves for about eight to nine successive years, and remain 
on the branches in a partly decayed condition for some years after leaf- 
bearing has ceased* 

The structure of the branchlet and the terminal bud is illustrated in 
Fig. 7, The generakcharacters of the bud as regards the breaking down of 
the medulla and the development of a crown are similar to the spruce, but 
owing to the deciduous habit of the tree and the small amount of growth 
of the lateral braochlets each year the relative position of the structures 
appears to be different. Owing to the slight amount of elongation every 
year the successive crowms fuse with each other. 

The exterior of the branchlet is covered with the scars of old scales 
{scf covering the bud during the resting period. iThe vascular ring is broad 
at the base of the branchlet and , represents seven''y^^i'sk gnowth. The 
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length of the branclilet in Fig. 7 was 0*5 cm. Each year’s growth is repre¬ 
sented by a crown (rr.) of thickened cells, somewhat similar to those forming 
the crown in the spruces. The transverse portion of each crown is fused by 
a downward prolongation with the one of the former year, so that a con¬ 
tinuous and irregular cylinder of thick-wailed cells occurs inside the vascular 
ring wdth curved cross connexions at the point of bud production each year. 
There is no lateral extension of the crown as in the other genera described. 

The medulla begins to break down soon after the bud elongates, and 
persists as a small mass of shrunken tissue (?/F.) above each successive 
crown. 

When the bud is mature the crown consists of a few layers of thick- 
walled cells, which are sharply marked off from the thin-walled, delicate meri- 
stematic tissue of the growing point. The downward prolongations are 
not more than two cells in thickness transversely. 

The cell-walls of the crown give negative tests for lignin and cellulose. 
No middle lamella can be seen with ordinary reagents. They stain deeply 
with corallin-soda. The tests for pectic substances are positive, and good 
reactions are given by the following reagents: 

Treatment with hydrochloric acid, and alcohol for, twenty-four hours 
and subsequent staining with methylene blue gives a brilliant blue coloration 
to both the cell-walls and cell contents of the crown, whereas the rest of the 
cell-walls are only faintly coloured and the cell contents not at all. The 
cell contents of the crown, particularly, respond in a marked degree to this 
reaction, the contents being strongly vacuolated and filled with a granular 
substance coloured a bright blue. 

Chlor-zinc-iodine gives a slight cellulose reaction of the wall adjacent 
to the lumen ; this reaction is greatly intensified when the section has been 
previously treated with HCL The middle portion of the cell-wall gives no 
reaction with chlor-zinc-iodine. 

The meristematic tissue above the crown does not give a cellulose 
reaction, but responds in the same way to the positive tests given above for 
the thick-walled cells of the crown. 

The procambial strand immediately above the crown gives a good 
cellulose reaction. 

The tests point to the tissue of the crown and the meristematic region 
above (except the procambial strands) having walls of a pectic nature and 
not cellulose. Further progressive changes take place in the walls of the 
crown cells during late spring after the buds begin to elongate. These cells 
then gradually lose their outline, and the walls become shrunken and brown 
in colour. iDuring the winter resting period the thick walls of the crown 
show excellent protoplasmic mterGommunication from cell to cell, as in 
d^icea^ Ps€udotsuga^':dSi&'^^^ far as -our 'preparations show there is'no 

"differentiation at the growing point, thus agreeing with the ' observations; of 
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Koch (2). The relation of the leaf primordia to the cone of meristematic 
tissue ^Xg,pt. (Fig« 7) is entirely different to the genera already described. 
The primordiEj instead of arising on the sides of the conical mass of meri¬ 
stematic tissue^ arise from the tissue at the base. The apical region is cup¬ 
shaped, with a small conical mass of meristematic tissue situated on the 
floor of the cup, and giving rise to the medulla, procambial strands, and 
crown. The lower part of the cup produces fascicules of leaves, and the 
upper part scale leaves. Growth takes place by an expansion of the sides 
of the upper part of the cup with an upward growth of the floor. The dis- 



Fig. S. Abies iasiocarpa» sc., scales ; 
pc. procambial strands; medulla; 

^.7',, crown; vascular strand; cavity. 


Fig. 9. Abies lasioca 7 pa,^t]}tQmbtT. Apical 
region of bud with scales removed, pi, pleurome; 
b .,young leaf; d ., dermatogen; pb., periblem; i.e.pl., 
initial cells of pleurome. 


organization of the medulla above the crown occurs early in the growing 
season, 

Abies lasiocarpa (Hook*), Nutt, 

Our examination of the bud was confined to material collected in Septem¬ 
ber and November, The mature bud is larger in diameter and shorter than 
in the spruces examined, and although the same structures are present the 
relative de\felopment shows some differences. 

As shown in Fig. 8, the young leaves are more fully formed in the late 
summer, and the lateral extensions of the crown pass out farther into the 
inner bracts, while the downward extension is absent and the whole bud is 
shorter and larger in diameter. 

The general structure is illustrated in Fig. 8. The differentiation at 
the meristem of the growing point is well seen in all our longitudinal 
median sections. In Fig. 9 the initial cells of the pleurome are seen to occupy 
a comparatively large area {L r.//.), the cells being larger and less dense in 
contents than the outer periblem and dermatogen cells {pb*^ d f The begin¬ 
ning of the pleurome is shown at the bottom of the drawing. Both periclinal 
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and anticlinal divisions occur in the derniatogen, and appear to be more 
frequent in most of our preparations at the extreme apical region than else¬ 
where, except at the point of origin of leaf primordia. The cortex is 



Fig. 10. Abies lasiocarpa* Branched selereides Fig. ii. Finns Miarayana^ 

in cortex immediately below the lateral extension of the September. young leaf; v.st,^ 

crown. vascular strand;. medulla. 



past 

Fig. 12. Finns Mtm'ayana. Growing point showing no distinct differentiation in the 

meristematic layers, i*/., beginning of procambial strands; £ 4 , dermatogen. 

composed of lacunar parenchyma, and at the level of the crown and immedi¬ 
ately outside branched sclereidea are numerous, and are shown in Fig. io» 
Such, selereides are' common''in several of the'genera described,'and ;are '.situ¬ 
ated in' the inner cortical region, or in the outer cortical region in, the 
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neighbourhood of the leaf- traces. The medulla is without the transverse 
bai's of thickened lignified cells characteristic of the spruces and Douglas Fin 
Phms Murrayaiia^ Balf. 

Material has been collected at various seasons of the year. The 
arrangement of tissues is similar to that of other species of Pinus^ there being 
no indication of any structure suggesting a crown as found in the other 
genera, neither does the medulla break down to form a cavity. As shown 
in Fig. II, the general arrangement of the bud is simple, the primordia of 
the leaves arising from the gradually tapering stem apex. As seen in 
Fig. 12, there is no distinction of the meristematic layers at the growing 
point, the bud being in all respects entirely different and much simpler in 
structure than the other genera described. 


Summary. 

I. The comparative structure of buds of species of Picea^ Pseudotsuga^ 
Larixy AbieSy and Pinns has been studied. 

%. In Piceay Pseudotsugay LariXy and Abies the tissues of the bud are 
divided off from the older parts of the stem by a thick-wailed structure 
giving pectic reactions, consisting of a horizontal plate with lateral and 
vertical extensions which we have called the crown. 

3. The medulla breaks down below the crown to form a cavity, and this, 
with the remains of the crown, persists and can be recognized in branches 
several years old. 

4 . In Picea-y PsetidotstigayWCiA Abies the meristematic tissue at the bud 
apex is differentiated into a group of initial cells giving rise to the pleurome. 
The dermatogen and periblem are not clearly differentiated from one 
another, 

5. In Larix the pleurome, periblem, and dermatogen arise from 
a common mass of meristematic tissue, 

6. In Pimis no differentiation of the meristematic region occurs, the 
crown is absent, and no cavity is formed in the medulla. 
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I. Introduction. 

T he morphological nature of the phylloclades.^ which form 

the assimilating organs of the members of the Liliaceous tribe 
(Kunth)— Rusatsf zxiA Semele—-hs^s the subject of 

much controversy, and an extensive literature has grown up around the 
question. But I have found, on working through this literature, that 
I have been unable, from the existing descriptions and figures, to arrive 
at a clear comprehension, either of the structural relations of the 
phylloclades, considered as members of the shoot, or of their anatomy. 
I think that this may be partly due to the fact that hitherto the morpho^ 
logy has' been' studied 'chiefly by means of naked-aye''^''observations,.','an 
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by hand sections of the parts of the fully grown plants; andj at maturity^ 
the phylloclades are not only refractory to sectioningj but have undergone 
considerable torsion, andj owing to their own hypertrophy and the wilting 
of the axillant leaf, their position in the shoot scheme is no longer easy 
to determine. So it seemed to me that, before one could arrive at an 
opinion about the nature of the phylloclades, a necessary preliminary was 
to make a study of transverse and longitudinal sections through the young 
shoot apices of the three genera—in addition to a general examination 
of the structure at maturity. I have been able to undertake such a study 
through the kindness with which I have been supplied with material by 
the Director of the Royal Botanic Gardens, Kew; Commendatore Cecil 
Hanbury, F.L.S., and Mr. Joseph Benbow, of La Mortola, Ventimiglia; 
the Director and the Superintendent of the Cambridge Botanic Garden, 
and Mrs. J. J. Lister. I also wish to express my indebtedness to 
Mr. T. A. Dymes, F.L.S., who generously placed at my disposal the 
material and notes for an account of the seedlings of Rusctis aculeatus^ L., 
which he communicated to the Linnean Society on February 3, 1921. 

The following section of this paper contains my own observations 
on the morphology of the monotypic genera Danae and Semele, and the 
three species forming the genus Ruscus, In that section I use the term 
phylloclade in a purely descriptive sense, while deferring all consideration of 
the morphological nature of these organs to the third section. I hope, 
in a later paper, to study the ‘needles’ of the related genus Asi>aragtis. 

Description of Observations. 

(i) Danae racemosa, (L.) Mdnch. 

The genus Danae includes only the one species, D, racemosa, (L.) 
Monch., sometimes called the Alexandrian Laurel, or Victor’s Laurel, which 
is found in N. Syria, Transcaucasia and N. Persia. Its assimilating organs 
consist chiefly of phylloclades (/.), such as those shown in Fig. i A, and in 
Figs. %K and 3 A, B, p. But it also produces two types of leaf, which 

we will consider before turning to the phylloclades. The seedling, and 
occasionally, also, the mature rhizome, produces ordinary foliage leaves^ 
(4, 27), such as/, in Fig. i a, drawn from a plant from La Mortola. This 
leaf, whose anatomy is shown in the series of sections i B-E, bad a short 
sheathing base, a long well-marked petiole tiiangular in section 

(Fig. I G), and a limb with a definite midrib,. This limb was supplied by a 
single series of normally orientated bundles; in the section drawn in Fig. 1 E 
there were stomates in the lower epidei-mis of the leaf, which was 
succeeded by two layers of assimilating tissue; while beneath the upper, 
stomateless epidermis, there were three layers of assimilating tissue. 

Reinke;(24) erroiieonsly states'that no snch' leaves exist mDmm^' 
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There is thus nothing peculiar in the general lines on which this leaf is 
constructed. 

While normal leaves, such as that just described, are relative rarities 



Figs. I A-K, Danae racemosa, (L.) Monch. (Where sections are represented in this and later 
figures, xylem is indicated in black ; phloem, white ; and fibres, clotted). Fig, i A, part of a plant 
from Mortola, Ventimiglia, March, J921 (x-|); winter-bnd; jc., scale 4 eaves;primary 
foliage leaf with long’petiole,A ; phylloclades. Figs, i b~e, transverse sections through leaf^. 
in Fig. I a; bundles with xylems turned downwards ( x 14). Fig. i B, top of short basal 
sheath; Fig, i C, high in petiole ; Fig. i D, base of limb ; Fig. r E, near apex of limb. Fig. i F, 
small part of Fig. i e (or similar section) to show single vein of foliage leaf (x 77) for comparison 
with B'ig. I G, which snows, on same scale, a single vein from near apex of one of the phylloclades, 
in Fig, I A ; ^2./., assimilating parench3’ma; wn, colourless large-celled mesophyll. Fig. i H, 
transverse section from microtome series through central part of bud, such as d, in Fig. i a (x 23), 
including axis, ax.; three scale-leaves, jr.i, each subtending a bud. The biicl, sk.^ inside 

is cut at a level below its appendages; the buds inside .TtC.i and sc.^ show leaves, /., with 
phylloclades,/., in their axils; g.p., growing apex. Fig. 11, bud in axil of scale-leaf, sc.^ similar 
to the three buds shown in Fig. i G, but rather older. The growing axis of the bud, 
has produced a pair of prophyllar leaves, A, subtending phylloclades,/. Fig. i ic, tip of bud, such 
as in Fig. i a, later in the spring (reduced) ; to the left, one of the axillary branches of this shoot 
with its terminal inflorescence is drawn from the adaxial side, with and without its axillant scale 
leaf (XI). 


in.: Danae.yB. reduced type^—the scale-leaf—is produced in abundance. In 
'the 'winto 'in' Fig/i" a, only scale-leaves are visible.,' ,'Figs« :i 'H 

and, I, show 'the''details of such 'a bud 'when sectioned. ■ The scale-leaveSi 
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Figs. 2*«-7. Danae riutmosa^{\..,,)WQx\<:h., Fig. 2 A, branch with phylloclades in natural position^ 
Oct. 4, 1922 (X'|); the surface of each phylloclade towards its axilknt leaf is left white, 
and surface away from axillant leaf marked black. Fig. 2 B, transverse section, at level of 
arrow, of phylloclade B, which is held edgeways ( x 14) ; the doited arrows indicate direction 
in which xylem of bundles faces. Fig. 2 C, transverse section, at level of arrow, of phyllo¬ 
clade A, which is held in unusual position, with surface away from axillant leaf uppermost ( x 14). 
Fig. 3 A, shoot bearing leaf in whose axil phylloclade/.j arises; a second phylloclade, /.g, whose 
axillant leaf is invisible ; a terminal raceme of young fruits, still enclosed in persistent perianths 
( x |). Fig. 3 B, end of sterile shoot, with two phylloclades, in axils of leaves, /, : no terminal 
phylloclade (x|). Figs. 4 a and b, transverse sections of a phylloclade (X23). h’ig. 4A, stalk; 

' Fig., 4 B, near base, of expanded region,,’' 'Fig, 5, small segment'.'of transverse section'of,, a, young', 
'phylloclade (xgiS)',frbres';Of bim'<ple-sheath.',etill ■thin-walled t '■ a-/*,, xylem ; ph,^ 'phloem 
stomates'; 'Upper epidermislower epidermis; assimilating parenchjma; ot., colour-, 
less mesophylL' .'Fig..;6'A,, transverse sectio’n,'of young.bud"(May 24, 1922), in' axil, of s.cale 4 'eaf, 
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which are in two opposite ranks, each subtend an axillary shoot, sh. 
This shoot, again, bears two lateral series of leaves (/. in Figs» i H and l), 
each with a young phylloclade,^., in its axil. The relation of the leaf and 
phylloclade is shown in radial longitudinal section in Fig. 6 B, p. 

Fig. I K, p. 231, represents a later stage of development of such a bud as b. in 
Fig. I A ; the internodes between the scale-leaves have elongated, and the 
shoots in the axils of those in the distal region are beginning to reveal 
the racemes of flower-buds in which many of them terminate. A shoot 
with two mature phylloclades and a group of young fruits is shown in 
Fig. 3 A, p.232 ; the fact that the inflorescences are independent of the phyllo¬ 
clades is a point in which Dajiae differs from Rusctis and Scmele, In those 
shoots of Danae which are not reproductive the growing pjoint aborts, after 
the production of a certain number of scale-leaves and phylloclades. The 
apex of such a shoot is drawn in Fig. 3 B ; it will be seen that the topmost 
phylloclade—like all the others—arises in the axil of a scale-leaf. I have 
not, in this species, ever seen terminal phylloclades, such as occur at the 
ends of the shoots of Rusctis, 

The shoot at the stage of Fig. x K, p. 231, may be compared with the 
section shown in Fig. 6 a, p. 232, which is cut from a bud slightly older than 
those shown in Figs, i H and i. The vascular tissue is differentiating. 
The leaves, /., which subtend the phylloclades, have a well-marked mid¬ 
rib, which gives a keeled form, k,^ to the transverse section of the axis. 
At this young stage, these leaves are usually, though not always, supplied 
by one bundle only; this bundle shows considerable irregularity, with 
a tendency to an amphivasal form—the xylem surrounding the phloem. 
In Figs. 7 A-E one of these bundles is followed upwards through its leaf, 
which is that axillant to the phylloclade marked x in Fig. 6 A. The 
bundle is concentric at the extreme base, and at first retains this form 
(Big. 7 A), but subsequently becomes collateral (Fig. 7 B), then resumes its 
concentric form (Figs. 7 c and D), and finally, before it dies out near the leaf 
apex, becomes collateral again (Fig. 7 E). 

The vascular system of the young phylloclades is of a different type; 
they have no obvious median strand, and their most noticeable feature, 
at this stage, is the fact that their bundles are orientated in the opposite 
sense to that of the axillant leaf. The structure of the phylloclade is, 
however, best understood from older material; Figs. 4 A and B show 
transverse sections of the stalk-like base of the mature phylloclade, and of 


; its axis, ax.j bears two rows of leaves, subtending^ phylloclades,/. The leaves in whose 
axils the two outermost phylloclades arise do not reach to this level. The keel, A, of the axis 
corresponds to the midrib of the next leaf above ( x 14V Fig. 6 b, radial longitudinal section 
through leaf /. with phylloclade/. in its axil, from microtome series through bud, May 24, 1922 
( X 143. Fig, 7 A-E, series of transverse sections ( x 318) to show history of the single bundle of the 
leaf in whose axil the phylloclade marked with a x in Fig. 6 A arises ; Fig. 7 A, near leaf base ; 
Fig. 7 E," near leaf apex, , 

■■ K ' 
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the proximal region, of the expanded limb. In the stalk, the bundles are 
grouped into an irregular, flattened central cylinder, while in the limb they 
form one series with the xylem directed downwards. Fig. 5, p. 23-2, indicates 
the detailed structure of a small segment of a phylloclade, including one 
bundle, whose phloem lies towards the upper surface. The peculiar 
character of the bundle orientation tends to be obscured at maturity, 
because of the way in which the phylloclades hold themselves. An 
inspection of a clump of Victor’s Laurel shows that the phylloclades 
have a strong tendency to place themselves edgeways, by means of basal 
torsion. In Fig. 2 A, p. 232, which is a sketch of the distal part of a branch 
in its natural position, the surfaces of the phylloclades away from the 
axillant leaves are indicated in black, while the sides towards the axillant 
leaves are left white. It will be seen that only A and X hold themselves 
with the side away from the axillant leaf uppermost. Fig. 2 B shows 
a transverse section of one of the vertical phylloclades, B, at the level 
marked with an arrow in Fig. 2 A. There are thirteen bundles; one 
small strand lies sideways, but all the rest have their xylems directed 
to the right, i.e. tov/ards the surface which was originally turned to 
the axillant leaf, though now twisted away from it, through an angle of 
90°. In the comparatively rare cases (e. g. A in Fig. 2 a) in which there is 
no torsion of the base of the phylloclade, and in which the side towards the 
axillant leaf thus remains downwards, the phylloclade, instead of being 
flat, curves up at the margins into an almost trough-like form, as though 
endeavouring to arrive, by other means, at a result approximating to that 
'normally reached by the twisting of the base. Fig. 2C shows a transverse 
section of such a phylloclade as that marked A in the sketch, cut at the 
level of the arrow. There are fifteen bundles, all of which have their xylem 
on the lower side, i. e. towards the axillant leaf. 

(ii) Ruscus aculeaitis^ L. 

The genus Rtisctis includes three species, one of which, Ah aadeatns, 
L.^—Butcher’s Broom or Knee Holly—extends from the Mediterranean 
region, through France and Belgium, to Great Britain. Neither in this 
plaiit, nor in the other two members of the genus, have petiolate foliage 
leaves, comparable with those of Dmtae and Semele^ ever been recorded; 
de Candolle, who figured the seedling nearly a century ago ( 9 , voI#ii, PL 49), 
pointed out that the axis bore, from the first, only scale-leaves, and subse¬ 
quently, scale-leaves with phylloclades in their axils. Two seedlings are 
shown here in Figs. 8 A-D, p. 236. In the mature plant the rhizome, if 
examined in the early spring, will be found to bear winter-buds clothed with 
scale-leaves, such as /a and A., Fig, 17 a. Later the bud axis elongates, and 
branches are developed in of the upper scale-leaves (Fig, 17B) ; 

these branches bear narrow pointed leaves, with phylloclades, A? in their 
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axils (Fig. 17 c, p. 2'36), The relation to one another of the developing leaves 
(white) and phylloclades (dotted) is shown in Figs, ii A-C, which repre¬ 
sent sections through a lateral bud gathered in May. The leaves, instead 
of being distichous, as in Dattae^ are arranged spirally. At this very early 
stage, the phylloclades are small and insignificant in comparison with their 
axillant leaves, and have not produced any appendages ; but in Figs, la A-D 
a slightly older phylloclade is shown, which, though its apex does not yet 
reach up to the top of its axillant leaf, has developed so far as to give off 
a bract and bud on the adaxial side (br, and Fig, 12 D). Fig, 15 may 
be compared with Fig. 12 ; it represents a radial longitudinal section through 
a still older phylloclade, with its bract and bud. Figs. 13 A and B, j6, and 
19 E illustrate a curious feature of the buds borne on the phylloclades— 
namely, that the arrangement of the bracteoles is not always the same, 
but may conform to one of two distinct types. In Figs. 13 A and 19 E 
the bracteoles, br'. and bA., are strictly transversal, i. e. at right angles to 
the bract br., whereas in Figs. 13 B and 16 they are obliquely placed. The 
idea suggests itself that possibly one of these arrangements may characterize 
the female flower-bud, and the other the male, but I have not succeeded in 
testing this notion, since the bracteoles are shrunk and wilted by the time 
the flower is developed. 

The mature phylloclades, with their axillant leaves and bracts, are 
shown on a reduced scale in Fig. 9 a, while a fruiting example is drawn in 
Fig. 9 B. Fig. 9 C illustrates the fact—which can also be seen in the seedling, 
Fig. 8 D— that the last phylloclade borne on the axis does not arise in the 
axil of a scale-leaf, but is terminal and slightly decurrent (6 and 15 ). ‘The 
same feature is shown in a section of a young bud in Fig. ii C; in every 
case in which a terminal phylloclade is included in a drawing, it is marked 
p. t. 

Though there is no torsion in the youngest stages, the phylloclades 
are finally held more or less in the vertical plane; the way in which this 
attitude is attained is demonstrated by the series of sections in Figs. 19 A-F, 
which are cut, from the base upwards, through an immature phylloclade. 
Fig, 19 A is the stalk of the phylloclade, which in Fig. 19 E is becoming 
flattened, and in Fig, 19 C is beginning to twist. In Fig. 19 D the vertical 
is approached, and it is finally reached in Fig, 19 E. The midrib, from the 
base up to the level of the bract, is traversed by a cylinder including several 
bundles, but by the time the bract and bud have received their vascular 
supply the radial structure is lost, and we are left with onl}^ a median 
bundle and one or two laterals in the midrib (Figs. 19 E and F). The midrib 
of the sterile phylloclade may also include a group of bundles (Fig. 14), 
In Figs. 19 D-E the arrows indicate the direction in which the xylem points 
in the expanded part of the phylloclade. It will be seen that, with rare 
exceptions, the xylem is, as in directed towards the axiHant 

■R3 
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Figs. 8-19. Riisctts amleaitis^ L. Figs. S a-d, seedlings grown by Mr. T, A. Bymes, 
Feb. 3ij 1923. Figs. 8 a and b, young subterranean seedling, in which only scale-leaves, jc., have 
developecb viewed from the two sides (xl*) ; in Fig. 8 B three lateral buds, A, are visible; ^., seed; 
Figs. 8 c and D, older seedling bearing phylloclades, , in axils of scale-leaves, /. ; two lateral buds, b.\ 
seed, j., shrunken as compared with Figs. 8 A and B ; root ( x J). Fig. 8 D, two uppermost phyllo- 
ciades of 8 G, one in axil of leaf, while the other, is terminal ( x 1). Fig. 9 a, two successive 

phylloclades, of mature shoot, viewed from the two sides ; axillant leaves; bracts borne on 
phylloclades ( x J). Fig. 9 B, two views of a phylloclade bearing a fruit, Feb. 1925 ( x |). Fig. 9 c, 
end of shoot showing terminal phylloclade, pi. ( x |). Fig. 10, transverse section of phylloclade at 
level of its junction with bract, ( x 14). Arrows show directions in which xylem groups of bundles 
point; bundle marked with a x is amphivasal; axillant leaf would lie to foot of page. Figs. 11 a-*c, 
transverse sections from series through lateral bud. May 13, 1922 (X23); leaves (white); 

phylloclades (dotted). Fig. 11 c shows further development of ap,^ growing apex, in 11 B, with 
the formation of two leaves subtending phylloclades, and a third phylloclade which is terminal, p . t , 
Figs.'i2 A-D, series of sections through', leaf, f., with phylloclade, /»,,dn itsFxil, May 13,1922, (x 23) 
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leaf. Fig, i8 shows a transverse section near the tip of a young phyllocladej 
in which the bundles, as they approached the apex, were reduced to three. 
Fig. lo is a sketch of a transverse section of an older phylloclade, at'a level 
at which the bract was still attached, though the bud had become free, 
and fell away when the section was cut; at this stage the bundle-sheaths 
had become fibrous. The bract has its bundle orientated like those in the 
phylloclade. As in the younger phylloclade represented in Fig, 19, the 
midrib above the bract has lost its radial structure. 

(iii) Ruscus Hypoglosstmi^ L. 

The South European Ruscus Hypoglossnm, L., has leafy-looking 
phylloclades, which are on a larger scale than those of R, aculeatus, and 
which, though firm in texture, are not stiff and spiny. Figs. 0,0 a-C, p. 238, 
show the structure of two seedlings, after a year from sowing. The one 
w^hicli was more advanced bore scale-leaves, sc,^ followed by a phylloclade, 
in the axil of a leaf, and a second phylloclade, which was 
not in the axil of a leaf, but was terminal to the axis. The shoots of 
the mature plant end in the same way (Fig. 20 d). 

The bract borne on the phylloclade of R, Hypoglossttm, instead of 
being delicate and ephemeral, as in the other two species of Ruscns^ is 
of the same consistency as the phylloclade itself; it may sometimes 
reach a considerable size (var. macroglossa, Fig. 20 E). The bract of the 
normal form is shown in section in Figs. 21 H and I, 22 B and C. R. Hypo- 
glossum is generally described as producing its bracts on the adaxial side of 
the phylloclades, like R, aculeatus^ but in the fresh material from La Mortola, 
which I was able to examine, I found great variety in this respect. The 
phylloclades are irregularly arranged—sometimes spirally, and sometimes 
two or three together at a node—and even at a single node we may find 


Fig. 12 A shows phylloclade not yet detached from axis, ax.^ while Fig. 12 D shows bract, and 
its axillary bud, A, on side of phylloclade remote from axillant leaf. Figs. 13 a and B (enclosed in 
dotted lines), transverse sections through buds, June 2, 1922 (x 14), in each case showing axis, ax,^ 
and three leaves, with phylloclades, p., in their axils. One phylloclade in each case is cut just 
above the attachment of the bract, br,y which arises on its adaxial surface, and subtends bud, h. 
The buds differ in that that in Fig. 13 A has two first leaves, br\ and which are lateral and 
opposite, while those in Fig. 13 B have one larger, obliquely placed first leaf, br\ Fig. 14, transverse 
section of midrib of a sterile phylloclade (X23). Fig. 15, radial longitudinal section of leaf /. with 
phylloclade /. in its axil, bearing bract, and bud, b, ; June 2, 1932 (x 14)- Fig. 16, transverse 
section of phylloclade,/., June 16, 1919, bearing bract, dr,, in whose axil is the bud A, bearing leaves 
br'", and dr", arranged as in the buds in Fig. 13 B (x 14). Fig. 17 end of rhizome, rd., marked 
with scars of former scale-leaves, and bearing roots, r., and terminating in aerial stem, st. The 
two winter-buds, d. and d'., clothed with scales, sc,y will develop into the shoots of the current year, 
Feb. 6, 1923 ( x-|)- Figs. 17B and c, part of young shoot later in the spring, probably May. 
Fig. 17 B, branch in axil of scale-leaf, jr., bearing leaves, /., and phylloclades, /. ( x J)* Big. 17 c, 
leaf and phylloclade, /,, of Fig. 17 B ( x i). Fig. 18, transverse section near apex of a young phyllo¬ 
clade (June 16, 1919) to show reduction of bundles to three; axillant leaf would lie towards lower 
edge of page ( x 23). Figs. 19 a-f, series of transverse sections from base upwards through leaf, 
and its phylloclade,June 16, 1919 (x 14). Figs. 19c and D show the process of torsion that 
brings the phylloclade,/., into the vertical position in Figs, 19 E and F. The arrows show direction of 
xylem in bundles. Fig. 19 e passes through the attachment of bract, dr., in whose axil the bud, d., 
arises, bearing leaves, dA, dr",, d/"* Fig. 19 F is above attachment of bract, dr. 
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Figs, 20--24. Rnsms Hypoglosnim^ L. (small arrows indicate direction in winch xylem 
groups of bundles point). Figs. 20A-C, seedling structure, from seeds from JLa Mortola, 
sown March 20, 1922, drawn Feb. 16, 1923 (x 1). Fig. 20 a, seedling with only radicle, n, pro¬ 
truding from seed, j-. Fig. 20 b, seedling with cotyledon, cot,^ three scale-leaves, follow^ed by 
a leaf, /., in whose axil is a phylloclade, W'hile the shoot ends in a terminal phylloclade, pJ. 
Fig. 20 C, view of and pj, from the opposite side. Fig. 201), apical part of mature shoot 
( XI) to show^ terminal phylloclade, p.t., standing apparently opposite to a phylloclade, j6., in axil 
of leaf, /. Fig. 20 E, phylloclade, bearing leathery bract, on side away from axillant leaf. 
Brit. Mus. Herb, (probably var._ maavglossa) (x|). Fig. 21 a, phylloclade (venation shown in less 
detail than in Fig. 20 e) bearing bract, and remains of inflorescence on surface away from 
axillant leaf, /. (x|). Figs. 21 b, c, b, e, H, I, k, anatomical structure of phylloclade drawn in 
Fig. 21 A. Figs. 21 F and G, supplementary stages from another phylloclade (all x I4). Fig, 21 B, 
near extreme base of phylloclade; Fig. 21 D, at level of arrow in Fig. 21 a ; Fig, 21 c, intermediate. 
Fig. 21 E, midrib region higher up ; ridge above vascular cylinder is first indication of bract. 
Fig. 21 F, section from another phylloclade at a slightly higher level, showing bract, Pr .; vascular 
systena, * 5 ,, for bud axis f z? f/z, and vascular masses destined for main veins of upper part of 
phylloclade. Fig. 21 G, same phylloclade as in Fig. 21 f, cut at a slightly higher level; bud now 
free, bearing two leaves, and Fig. 21 h, section from phylloclade in Fig. 21 A, cut near base 
of leathery bract; bud has, fallen ■ out; ■ v.m, andv.m', .as in. Fig. .2 x f. Fig. 21 i, bract after detachment. 
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examples of both adaxial and abaxial buds. And abnormal cases 
occasionally occur in which the bract becomes marginal owing to the 
peculiar form of the phylloclade (Fig. 24, p. 238). 

The vascular system of the phylloclades is more highly developed 
than in R, actileahts. Figs. 21 B-i show the structure of the phylloclade, 
and the origin of the vascular system for the bract and lateral branch, 
in examples in which the bract occurs on the adaxial side, while Figs. 22 
A-C illustrate the converse case, in which the bract is abaxial. It will 
be noted that the main veins, both below and above the exit of the 
bract, are supplied by vascular cylinders, instead of single bundles. 
Sections a little below the origin of the bract show the midrib with a ring 
of bundles embedded in a fibrous sheath (Fig. 21 E). Just at the base of 
the bract, the midrib branches into three parts {vjn., and Fig. 

21 f), which are completely separated in Fig. 21 G (see also Fig. 22 A). 
The median mass, f;., which is circular in section and contains a ring of 
bundles, supplies the bud axis. The other two, vjn, and v.in\^ which each 
enclose a flattened and irregular ring of bundles, remain to supply the 
upper part of the phylloclade. In passing upwards, v.m. and divide 
into small bundle groups, and in Fig. 21 K, which is near the apex of 
the phylloclade, the veins consist of single bundles. Throughout the 
phylloclade, those bundles which are not grouped into steles are placed 
with their xylem directed towards the axillant leaf. 

The bract, whether it is on the upper or under surface, has its 
xylem turned towards the phylloclade (Figs. 21 I and 22 c). 

It is not only the fertile phylloclades in which the veins have a radial 
structure; Figs. 23 A and B are sections of a phylloclade which bore no 
bract or bud, and it will be seen that the midrib and one of the lateral 
veins in Fig. 23 B are traversed by steles instead of single bundles. 

(iv) Rtisciis Hypophyllum, L. 

Ruscils Hypophylhmi^ L., which extends from Madeira to the Caucasus, 
has a strong general resemblance to R, Hypoglosstmi^ but differs from 
it in the fact that the bract borne by the phylloclade is fragile and 
membranous, instead of being tough and leathery. “ The only seedling 
which I have been able to examine (Fig. 25 A, p. 240) was one year old. It 
closely resembled that of R, Hypoglossum) scale leaves were followed 
by two phylloclades, one of which, p,, was subtended by a scale-leaf, /., 
while the other was terminal, p J.. The ends of the branches in the mature 

Fig. 21 K, section near apex of phylloclade. Figs. 22 A-C, successive sections (x 14) through bract¬ 
bearing region, of another phylloclade, in which the inflorescence was on the side towards the 
axillant' leaf f these sections'correspond" to Figs. 21 O, H, i. ■ Figs.'2'3 A:;ana B,'.tran$verse sections'of a ^ 
sterile phylloclade, near the base and a little higher ( x 14). Fig. 24, an abnormal phylloclade ( x 
drawn from side away from'axillant leaf. "(Figs. 21-24, from'material from'La Mortola, March, 2.) 
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plant also usually bear a somewhat decurrent terminal phylloclade (pJ., 
Fig. 25 B). 

In the fertile phylloclades the bract ■ and inflorescence are generally 
situated on the surface towards the axillant leaf (Fig. 26 a), but this rule 



Figs. 25-29. Rnsais Hypopiylhm., L. (material from La Mortola). Fig. 35 a, seedling 
(x|); seecFfrom La Mortola, planted March 20, 3933, drawn Feb. 16, 1925; j,, seed; r., roots; 

leaf with phylloclade, in its axil; terminal phylloclade. The main root, which 

should be vertical, bent to one side to economize space. Fig, 2513, end of a mature shoot, to show 
terminal phylloclade, p.t ,; 4 , leaf ( x -|). Fig. 26 a, phylloclade with remains of inflorescence and one 
fruit on side towards axillant leaf (x|-). Fig. 26 B, transverse section of a fertile phylloclade near 
the base (X14'). Figs. 27A, B, C, series of three sections of a phylloclade showing origin of 
bract, and vascular cylinder of bud, b. {y. 14). Figs. 27 1> and E, transverse section of midrib 
of phylloclade above indorescence (x 14 and 193) ; xylein ; pli.^ phloem ; fibres. Fig. 28, 
transverse section of sterile phylloclade not far from base ( XI4). Fig. 29, abnormal phylloclade 
with in florescence at margin, dowers fallen ( X 4 ). 

is by no means invariable, for the inflorescences sometimes occur on the 
upper side, and abnormal lobed phylloclades are also to be found, in 
which the inflorescence is marginal (Fig. 29). The vascular system of 
the phylloclade closely recalls that of i?. Figs. 27 a-c 

show the origin of the vascular supply of the bud. As in R, Hypoglosstmt^ 
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the main veins both below the inflorescence (Fig. 26 B) and above its exit 
(Fig. 27 C5D, E) are radial in structure. This is true also of the main veins 
of the sterile phylloclade (Fig. 28). In both sterile and fertile phylloclades^ 
those veins which consist of one bundle only have their xylems directed 
towards the axillant leaf (Figs. 2.6 B and 28). 

(v) Semele androgyna^ (L.) Kunth. 

The monotypic Semele androgyna, (L.) Kunth, of the Canary Islands, 
differs from the other Rusceae in being a climbing shrub. In the spring, 
aerial axes clothed with scale-leaves (Fig. 30 a, p. 242) are sent out from the 
rhizome; they resemble gigantic shoots of Asparagus officinalis, L.. and 
may grow to a great length before they branch. Each scale-leaf, sc.^ has 
a bud in its axil, the two first leaves of which {l.^ and in Fig. 30 B) are 
placed transversely. Fig. 31 a shows the result of about one month’s 
further development of a bud such as b, in Fig. 30 B, while Fig. 31 B was 
drawn from another shoot, later in the spring. The scale-leaf, ja, in 
Fig. 31 B, has become torn at the base by the growth of its axillary 
branch, which is now seen to bear leaves, in two alternating series, each 
with a phylloclade,/., in its axil. In Figs. 33 A~i we can follow the develop¬ 
ment of leaves and phylloclades in the apical region of a branch, such as 
that drawn in Fig. 31 B, while Fig. 32 shows a median longitudinal section 
of a leaf, with its phylloclade, /. In Figs. 33 B, C, D, and E, the history 
of the bracts and buds, borne on the phylloclade p.-^ can be traced. In 
Fig. 33 B the bract br.-^ has become detached from the right-hand margin 
of the phylloclade—laterally, but a little to the inner side—and bears in its 
axil the bud < 5 .^, which has produced a first leaf, bA.y A little higher, only 
the upper part of the bract br.-^ is visible (Fig. 33 C), while higher still 
(Fig. 33 e) a similar bract, is detached laterally, but this time a little 
to the outer side. As in the case of br.y br,^ subtends a bud, b,.,, which 
bears a bracteole, b7\\. Figs, 34 A and B, in which transverse sections of 
the margins of two phylloclades are drawn at a slightly more advanced 
stage, show, as before, the bract and the bud b., with its first leaf, bA .— 
but, in addition, they include the second leaf of the bud, bA\ The phyllo¬ 
clades p»y p’ 2 ^ and p,Q in Figs. 33 A-G represent the normal case in which 
the inflorescences are confined to the margins of the phylloclades. But the 
same series of sections also provides examples of phylloclades of two diver¬ 
gent types. That marked in Fig. 33 G bears a bud, X, in the median 
line on the abaxial side, as well as its marginal buds. The same phylloclade, 
when followed to the apex, is found to bifurcate (Fig. 33 l). The phyllo¬ 
clade(Fig. 33 h), on the other hand, bears, in addition to its marginal 
buds, a bud, Y, in the median line on its adaxial surface. 

' 35rp-2t44,i'epresents"a' section through' a somewhat older bud than 
that drawn in Fig. 33, p. 242 ; the vascular system is now differentiating, and 
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Figs. 30-34* Semele androgyna^ (L.) Kunth. (material from Cambridge Botonic Garden).. 
Fig. 30 A, apex of cnrrent year’s shoot, Jan, 36, 1923 (x|); scale-leaves; ax., axis. Fig. 30 B, 
transverse section through bud, < 5 ., in axil of one of the scale-leaves, jr., from shoot similar to that 
drawn in Fig. 30 A ; ax. \ axis ; Feb. 6, 1932 ( x 23). Fig. 31 A and b, the result of further development 
of a bud such as Fig. 30 B; Fig. 31 a, Feb. 19, 1933 j Fig. 31 B, May4, 1923 ; the scale-leaves, 
A''. , correspond in Figs. 30 A and B and 31 a and B, In. Fig. 31 B the two series of leaves, /., are seen 
to bear phylloclades, />-, in their axils ( x §). Fig. 33, a phylloclade, and its axillant leaf, in 
radial longitudinal section, from microtome series through apex of a shoot similar to that shown in 
Fig. 31 B; May 4, 1922 ( x 14); the bracts borne on the phylloclade do not lie in the plane of the 
section. Figs. 33 A-i, transverse sections from microtome series through apex of shoot similar to 
that drawn''in 'Fig.'.. 31 B,''May, 4,/i92.2' (■XI4), showing'the.development, in two'opposite, rows, 
of leaves, with phylloclades, in their axils. .Figs. 33 B, c,. E, show, the devel,o,pment ,of 

bracts''^r,i'.,a.nd Mg, .axillary buds,, di, and'^-a, and 'bracteoles, dr\i and from right-hari'd, margin' 
of ^,3^,':and'"F!gs.',33 C 'and D, from .left-hand margin.;of p.i*: \ ,In .Fig.:33,<j.^.(i is'. abnormal,in having 
■!:»'lirar^F j»nd Fud. (x) .in the 'median'region, on the' .surface, towards 'the'axillant,,.'leaf'; ,'its' apex, 
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it is seen that the xylem of the phylloclade bundles lies on the side towards 
the axillant leaf. As in the case oiDanm racemosa, the bundle of the axillant 
leaf is anomalous in its structure. Figs. 38,39, and 40, p. 244, are drawn from 
three young axillant leaves (June 2), each of which had one bundle only. 
The xylem tends to a form recalling the ‘ double-bundle ^ of cotyledons— 
the raetaxylem consisting of two separate masses connected by the proto- 
xylem. In Figs. 39 and 40 there is the further peculiarity that there Is 
a development of tracheides, cp, xy,^ on the side of the protoxyiem remote 
from the phloem. The bundles of such leaves are also anomalous In their 
structure, when maturity is reached. In Fig. 36 A we have a fully developed 
leaf with three bundles, which lie very close to the upper surface. Each 
consists almost entirely of xylem—which is unusually extensive laterally— 
with one or two small patches of phloem. The median bundle is shown in 
detail in Fig. 36 E. There are three files of protox3dem elements, px,^ and 
on either side of each of these there are radial files of parenchyma cells, 
between which the protoxyiem elements are compressed. The leaf is, in 
all probability, of leaf-sheath nature, and these radial files of elements seem 
to owe their origin to that meristematic activity which is not infrequent 
near the ventral surfaces of leaf-sheaths. As a rule this tendency to cell- 
division does not involve the vascular tissue, but in this particular case the 
bundles lie so close to the surface that they are affected by it. 

After the production of a certain number of scale-leaves with phyllo- 
clades in their axils, the growing apex of the Semele shoot, as a rule, aborts, 
its last appendages being usually a pair of scale-leaves subtending phyllo- 
clades (Fig. 46 C, p. 246). Occasionally, however, a narrow phylloclade {pJ. 
in Fig. 46 e) is produced terminally, without any axillant leaf, as the last 
effort of the growing point. 

As a consequence of the climbing habit of Semele,^ the mature phyllo¬ 
clade is rather variously held, but the commonest position is a more or less 
horizontal one, with that surface uppermost that originally faced the axillant 
leaf. The inflorescence buds are produced in two series at either margin, 
and are supplied by a pair of conspicuous veins, which diverge from one 
another near the base of the phylloclade (Figs. 41 A, B, c, and 42, p. 244); 
otherwise the venation is not pronounced, and the numerous cross-connexions 
between the longitudinal veins are too delicate to be shown in the sketches. 
But though two series of marginal buds are the rule, exceptions, such as we 
noticed in the case of the embryonic shoots (x in Fig. 33 G, y in Fig. 33 H, 
p. 242), are so common that they cannot be ignored. Examples are repre- 


33 h is bifarcate«d. In Fig. $3 H also has a bract and bud (V) in its median region, but on 
surface remote from ajcillant leaf J /.7 does not bifurcate at apex. In Figs, SSH-I only part_ of 
section shown. Figs, 54 A and B, transverse sections of margins of two phylloclades in which 
■axillary bud, 3 .,' is'more advanced than du Fig. 33, and bears two bracteoles, and (x 14), 
Fig, 34 A, from 'material gathered May 5, ■1922.- Fig. 34 E, from upper phylloclade shown In 
'Fig. 35, p.'244,,but.at^a''lowerleveI'r'Jnne 2,'"i92a, ■ ■ 



Arber. — Datiae, Rtisms, and Semele: 


244 



Figs, 35-44. Semek androgynai (L.) Knnth. Fig. 35, transverse section through axis, ax,^ of 
bud, June 2, 1922, slightly older than that shown in Fig. 33, p. 242, bearing two phylloclades, />., the 
axxllant leaf, /., of the younger one being alone visible at this level; bract; the arrows show direction 
of xylem in leaf and phylloclades (x 14). Fig, 36 A, transverse section (x 14) of axillant leaf, 
shown in Fig. 41 A (bottom of page). Fig. 36 B, median bundle from Fig. 36 a ( x 193), Fig. 37, 
transverse section of base of a mature phylloclade, p ., with axillant leaf, /. ( x 14). Figs. 38, 39, 40, 
the bundle from three young axillant leaves?, June 2, 1922, in which a median strand alone is 
developed; /x., protoxylem; pk.^ phloem; centripetal xylem (X318), Fig. 41 A, phyllo¬ 

clade bearing buds, only longitudinal veins indicated; 22x., main lateral veins (x rather more than |). 
Fig. 41 B, section of median region of a phylloclade similar to Fig. 41 A, not far from base, to show main 
lateral veins, which will supply indorescence ( x 14), Fig. 41 c, transverse section of margin of 
phylloclade drawn in Fig. 41 A, at base of one of marginal buds, b.^ showing bract, hr,.:, and vein, 
from which vascular system of bud is derived (x I4). Fig. 42, phylloclade bearing fruits; z;x.,mam 
lateral veins ( x .rather more than |), Feb. 1:923,. Figs. 43 a-g, abnormal phylloclades,' all from one 
plant in Camb. Bo.t. Garden, Jan, 1923 (:X'|) buds indicated by small circles; in A, D, F, the surface 
towards axillant leaf is shown ; in B, E, G, the surface away* Figs, 44 k and B, sketches from' h'Cr- 
barium material of two phylloclades bearing flowers on. the upper surface instead of at marmn f x 
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sented in Figs« 43 A-G and 44 a and B. These abnormal phylioclades are 
usually forked at the tip, slightly or deeply, or else fissured in a more 
complex fashion, thus giving opportunity for a further development of 
marginal buds, and additional buds may also appear on either surface, 
generally in the median line. In other cases (e. g. Figs. 44 A and B) the 
marginal buds may be altogether absent, and the inflorescence may take the 
i?//i'67/.s‘-like form of a single group of flowers in the median line. Abnor¬ 
malities of the latter type have been, in the past, treated as a distinct species- 
and described under the name of Da 7 iae Gayae, Webb et Berth. (33, p. 301, 
PLe 24 E). 

The anatomy of the mature phylioclades of Semele closely recalls that 
of the other two genera. Fig. 37, representing a transverse section near the 
base, may be compared with Fig. 4 A, p. showing the same region in 
Danae raccmosa^ and with the corresponding sketch of Ruscus Hypoglosszim 
(Fig. 21 B, p. 238). Fig. 41 B represents the median region of a fertile 
phylloclacle, such as that in Fig. 41 A, cut near the base; the structure of the 
two main veins, which will supply the inflorescences, is radial, as is that 
of some of the other veins. Fig. 41 C is from a section of the margin, cut 
through the base of a bract, br,^ and its bud, which are just on the point of 
detachment; the bud, has received its vascular supply from the vein 
v.c. All those bundles in the phylloclade, which are not either grouped 
into steles or immediately derived from the subdivision of these steles, are 
orientated with their xylems towards the axillant leaf. Radial veins are not 
peculiar to the fertile phylioclades ; they are shown in Fig. 45 B, p. 246, which 
is a transverse section near the base of a strongly-formed sterile phylloclade, 
such as that drawn in Fig. 45 A. The more delicate sterile phylioclades 
(Fig. 46 a) may, however, show a single series of bundles only (Fig. 46 D) 
such phylioclades recall those of Danae^ both in appearance and anatomy. 

The seedlings of Semele androgy 7 ia,?ir\ 6 . sometimes the mature rhizomes, 
produce long-stalked foliage leaves, like those of Danae ( 7 , 14 , 24 ). By the 
kindness of the Director of the Royal Botanic Gardens, Kew, I have been 
able to examine a seedling of Se 77 iele which bore one such leaf, preceded by 
scale-leaves, and also by transitional leaves in which the leaf-base terminated in 
a rudimentary petiole (Fig. 47 A, p.246). The long-stalked foliage leal whose 
anatomy is shown in Figs. 47 B-*E, had in this ca^e scarcely any basal sheath, 
but from the descriptions and figures in the literature it is clear that the 
sheath is often well developed. The petiole is noteworthy for its tendency 
to radial structure, indicated by the presence of bundles, with their 
xylems directed downwards, in addition to the main arc of strands with 
their xylems upwards. At the base of the limb the main veins (marked 
with a X in Fig. 47 D) contain more than one bundle, and tend to a radial 
plaov, A' . . , 
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Figs. 45-47. Semek androgyna, (L.) Kimih. Fig. 45 A, small but strongly developed 
sterile phylloclade, from side towards axillant leaf, to show pair of principal veins, and 
less prominent midrib, m.r. (x |). Fig. 45 B, transverse section of median region near base of 
a sterile phylloclade similar to Fig. 45 a" (x 23). Figs. 46 a, b, c, sterile phylloclades from feebly- 
developed basal shoot; A, from side towards axillant leaf; B,, from side away from axillant leaf to 
show well-marked stalk; G, to show termination of shoot (x|). Fig.^46 D, transverse section near 

apex of feebly-developed sterile phylloclade, similar to those drawn in Fig. 46 A-c (x 14). Fig. 46 E, 
end of a shoot from the upper part of the plant (not a feeble shoot from the base such as that used 
in Figs. 46 A-D) to show terminal phylloclade,/./?. (x|). Fig. 47 a, seedling ( x |), Kew, Feb. 7, 
1923; seed, s.; radicle, r. ; scale leaves, sc.; first foliage leaf, with petiole, pcL Some of the 
scale-leaves drawn separately (to the right) to show transition between those with sheath, s/i., alone, 
and those with sheath and petiole. Figs. 47B-D, transverse sections through petiole and base of 
limb of leaf/I in Fig. 47 A (x 23). Fig. 47 B, low in petiole. Fig. 47 c, at level of arrow in 
petiole. Fig. 47 D, at base of limb. The bundles marked zJk have their xylems directed down¬ 
wards ; the veins in Fig. 47 D marked with a x contain more than one bundle and are more or less 
radial. Fig. 47 E, transverse section near ape.x of same leaf ( x 14). Fig. 47 E, transverse section, of 
sheath region of one of the transitional scale-leaves in Fig. 47 A, slightly reconstructed at margins, 
as section imperfect ( x 23). 


3. The Morphological Interpretation of the Phylloclades 

OF THE RuSCEAK 

(i) HistoricaL 

Three hundred years before the beginning of the Christian era, 
Theophrastus ( 28 ), in describing two species oi RitsmSyWxoi^ as follows: 
Qoth .■have' their'"fruit 'on: the' midrib of the,.:leaf/ ^'This' .represents' the' 

^ afKpSrepdt ydp tqp kapirdy €;)(ov(Xtv ifc rijs rov 'Enqiiirydnto Plants,. Ill, xvii. 4. 
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earliest expression of the view that treats the phylloclades as foliar—a view 
which remained undisputed, so far as I can learn, until the nineteenth 
century. It was about a hundred years ago—at the period when morpho¬ 
logical ideas were beginning to crystallize—that the opinions of botanists 
upon the structure of the Rusceae suffered a revulsion. Turpin ( 30 ) in i8so 
first put forward the theory that thephylloclade was ^ uii . . . rameau aplati, 
foliacd, florifere ^ and this view of the purely caulome nature of the organ 
has since been veiy generally adopted. It seems to have found one or 
more supporters in every decade of the century that has passed since it was 
first suggested ; it would be impossible to enumerate them all, but we may 
recall that it was upheld by de Candolle in iSa; ( 9 ), Saint-Hilaire in 1840 

( 25 ) y Nees von Esenbeck in 1843 ( 22 ), Kunth in 1850 (20), Schacht in 1853 

( 26 ) , Clos in 1861 ( 12 ), Askenasy in 1872 (4), Cauvet in 1877 ( 10 ), Dickson 
ill 1886 ( 14 ), Celakovsky in 1893 (11), Dutailly in 1896 ( 15 ), Reinke in 1898 
( 24 ), Bernatsky in 1905 (6), Szafer in 1910 ( 27 ), and Goebel at various dates, 
including 1922 ( 18 ), It has also found general acceptance in systematic 
works and text-books, e. g. Engler ( 17 ) and Baillon (5). 

But the view which treats the phyllociade as exclusively axial has not 
passed altogether unchallenged. Velenovsky ( 31 , 32 ), supported more 
recently by Danek ( 13 ), has maintained a different opinion, namely, that in 
the flowering phyllociade of Rtiscus the proximal part, up to the level of 
the bud, is a winged inflorescence axis, whereas the distal part is purely 
foliar. A slightly different interpretation, which seems, however, to be 
related to that of Velenovsky, has been indicated by Buscalioni in a recent 
preliminary note (8). 

There is yet a third theory, which has received little attention, and 
which does not seem to have been accepted by any recent writer. This 
view, which was first suggested by Koch ( 19 ) in 1837, and which was sub¬ 
sequently revived and developed by Duval-Jouve ( 16 ) and van Tieghem ( 29 ), 
is that, in the case, for instance, of the fertile phyllociade of Ruscus, an 
inflorescence axis bearing a prophyll (bracteole) arises in the axil of a scale- 
leaf ; the prophyll (phyllociade) develops on an unusual scale, and the 
inflorescence axis is adnate to it, up to the level of the second leaf (the bract 
below the inflorescence). . 

(ii) Critical, 

The three theories enumerated in the preceding paragraphs appear to 
have exhausted the alternatives—at least as regards tlie main lines of the 
interpretation—so we have to decide with which of them the balance of 
■probability lies. 

(a) The ^ AxiaC or ^ Caulome ^ Theory, 

The first view, which we may call for simplicity the caulome theory, is 
based upon two axisdike characters presented by the phyllociade—firstly, its 
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occurrence in the axil of a leaf, and, secondly, the fact that it produces one or 
more bracts and buds. It seems, at first glance, not unnatural to take these 
two points as indicative of caulome nature, but, nevertheless, if we treat the 
phylloclade as a flattened axis, we find ourselves led into certain difficulties. 
The sterile phylloclades, for instance, must, if they are caulomes, be interpreted 
as naked axes, bearing neither leaves nor leaf rudiments; it may, however, 
be claimed that this condition, though it is extremely rare, finds a precedent 
in certain thorns and tendrillar shoots. Again, on the caulome theory, while 
the fertile phylloclades of Riiscus must be explained as formed of two inter- 
nodes, the sterile phylloclade cannot be treated as consisting of more than one; 
such a difterence in the interpretation of these two organs, which are often 
indistinguishable when viewed from the abaxial side, seems to me to be highly 
artificial. But a more serious objection to the caulome theory is that the 
anatomy of the phylloclades is by no means what experience leads us to look 
for in a flattened stem. Such stems—ruling out those winged by decurrent 
leaf-bases, which cannot be brought into the present comparison—are rare, 
and the best example seems to be Rhtehlenbeckia platydados^ Meissn. ( 4 ), 
a member of the Polygonaceae, in which the ribbon-like stem is divided 
into segments by the lines of insertion of the reduced leaves. A transverse 
section across one of these internodes shows that the bundles are arranged 
in an extremely flattened ellipse; there is no essential change from the 
structure of a normal stem, except that the bundle ring is flattened out. 
Reference to the figures and descriptions in the earlier part of this paper 
will show that there is no phylloclade among the Riisceae in which the 
structure is in any way comparable with that of Mueklenbeckia piatydados. 
With the exception of the strands forming the principal veins, which may 
be radially grouped, the phylloclade bundles, in all five species belonging to 
the Rusceae, are orientated in the same sense, with the xylem towards one 
surface of the phyllbclade and the phloem towards the other; I know of no 
stem in which such a vascular scheme prevails, and the plan of the skeletal 
system thus seems to me to preclude the axial interpretation. 

(b) The^ Winged Axis and Bracd T/ieory, 

The second interpretation, according to which the fertile phylloclades 
of the Rusceae are axial in the proximal and foliar in the distal region, is 
most definitely expressed in the later of Velenovsky's pronouncements ( 32 ) 
and in Dan^k’s more elaborate development of the same ideas ( 13 ). On this 
view the sterile phylloclade oi Ruscus is the terminal leaf of a brachyblast, 
which aborts and bears no other appendage, while the fertile phylloclade 
consists of a winged inflorescence axis, passing over into a bract in its distal 
region. The flowering phylloclade of Semele is regarded as equivalent to 
as many fertile phylloclades as there are inflorescences, congenitally 

fused. I do not propose to spend time over this theory, because it seems to 
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nie that the elements of truth which it contains are to be found 111 those 
points which it has in common with the third theory, which we shall next 
consider ; it has, on the other hand, certain disabilities peculiar to itseih To 
suppose that, in the fertile phylloclade of R21SCUS, the region up to the level 
of the flower-bud is axial, while the region above this level is foliar, seems 
to me to be contrary to common sense. And I find it equally difficult to 
imagine how the lower half of the fertile phylloclade can be visualized as 
axial, when the corresponding, and closely similar, region in the sterile 
phylloclade is classed as foliar. 

(c) They ProphylV Theory, 

We now come to the third and last theory, which we owe to Koch ( 19 ), 
Duval-Jouve ( 16 )^ and van Tieghem ( 29 ). Although this view appears to 
have found no supporter for the last forty years, the present study of the 
Rusceae has led me to believe that it represents the closest approximation 
to the truth which has yet been reached ; I think, however, that it requires 
some modification. According to the view in question, the phylloclade is 
the first leaf (prophyli or bracteole) borne on a branch of limited growth, 
which may either bear no further appendages (all phylloclades of Danae ; 
sterile phylloclades of Ruscus and Semele) or may pursue its development, 
while adnate to the prophyli, and bear bracts and buds (fertile phylloclades 
of Rttsctis and Semele). I think it will make for clearness to treat the 
different elements of this theory separately, so I will first consider the 
evidence for the foliar interpretation of the phylloclade ; secondly, the 
evidence for its prophyllar nature ; and, finally, the fate of the axis which 
bears it, and the question of its adnation to its own prophyli. 

In favour of the view that the phylloclades of the Rusceae are of foliar 
nature, it may be recalled that, in their form—especially in the relation of 
the short, staik-like basal region to the expanded limb—and in their vena¬ 
tion, they closely resemble the leaves of various related Liliiflorae ( 13 ). This 
resemblance is illustrated in Figs. 48 A-C, p. 2^50, for the case of Smilacina^vid 
Polygonatum (Polygonatae) and L^imtriaga (Luzuriageae), members of the 
two tribes of Liliaceae which Bentham and Hooker treat as following most 
closely upon the Asparageae {Riisctts^ Semele, Danae, Asparagus), The 
leaf of LuBiiriaga the phylloclades of the Rusceae, not only in its 

form, but also in its tendency to basal torsion—a tendency even more 
clearly displayed in the similar leaf of the Amaryllid Bomarea (Fig. 48 d), 
which is remarkably like some of the phylloclades of Danae and Semele, 
with their narrow twisted bases. 

Another argument, which lends support to the foliar theory, is that 
Ruscus,. and Semele' also, is capable of producing phylloclades directly 
from the axis, witliout any axillant leaf- Almost every shoot of the three 
species of Rfisa^s terminates/ as has long been known, in a phylloclade 
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borne in this way ( 26 , 10 , 15 ). This fact is indicated in many of the 
sketches here reproduced ; the terminal phylloclade, niaiked is shown 
for Ruscus aetdeatns in Figs. 8 D, 9 C, and ii C, p. 1236; foi A. HypoglosMini 
in Figs. 30 B, c, D, p. 338 ; for A. Hypophyllmn in higs. 35 A and B, p. 240. 
So far as I know, nothing of the kind has hitherto beenrecoided toi Sc me/e 
androgyna} but I have recently noticed that, although most of the shoots 
end in a pair of scale-leaves with phylloclades in their axils (Fig. 46 c, 
p. 346)3 a certain number bear at the tip only a single axillant leaf with its 



Fig. 48A--D, leaves of other Liliiflorae for comparison, a, Sniilacma n%cB7)iosa^\y^>L (x|). 
B, PoIyg 07 iatuiu officinale^ All, ( x -|-)» 0, Ltizuriaga sp. ( x i). D, Boniarea (garden hybrid) ( x |). 

Figs. 48 E-i, diagrams of different leaf types met with in the Rusceae, to illustrate interpretation of 
phylloclade put forward in the present paper. E, scale leaf, consisting of sheathing leaBbase only ; 
F, transitional leaf (e.g, seedling of Semele) ; G, foliage leaf with well-developed sheath, petiole, 
and limb (such leaves are borne by seedling and sometimes by rhizome of Danae and Semek')'\ 
H, similar leaf with reduced sheath (e. g. the leaf Bgiired here for seedling of Fig. 47 A, 

p, 246); r, phylloclade (e.g. those of JJanae^ and sterile phylloclade of Semek, Fig. 46 B, p. 246), 
The dotted lines show the limit of sheath, stalk, and limb in the different leaf categories. 


phylloclade, the latter forming a pair with a much-reduced terminal phyllo¬ 
clade (Fig, 46 E, p. 346). It may be thought, at first glance, that the fact 
that phylloclades can be terminal to an axis militates against the foliar view 
of their nature. But Queva^s work on Uvidaria grandijlora^ Sm, (Liliaceae), 
has shown that a normal leaf can be practically terminal ( 23 ), I have 
tested Queva's conclusion by cutting microtome series through the tip of 
a shoot of a species of and in one case F found the stem apex re¬ 

duced to a minute non-vascuiar cone, completely adherent to the base of the 
last leaf* Such a condition of the growing point may seem wholly anomalous 
to those who habitually think of buds from the standpoint of the Dicotyledon, 
but it will not, I think, seem at all unnatural to those who are accustomed to 

^ Celakovsky (11) states that terminal phylloclades are peculiar to Rtmus and never occur in 
Seinele^XiA Danae, 
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looking at embryonic Monocotyledonous shoots^ in whicli the leaves often 
play a much more conspicuous part than the axis which bears them. 

But the question of the terminal phylloclade—though it is an important 
one—has a less direct bearing on our present problem than another point to 
which we must now turn—the comparison between the phylloclades of 
Danae and Semele and the limbs of the ground leaves produced by the 
same genera. It may be recalled that we have in Pums a precedent for 
the production of juvenile leaves directly from an axis, followed, at maturity, 
by leaves borne on lateral short shoots, I have attempted to show in 
Figs. 48 E“I that, if we regard the phylloclades as leaves, we can trace 
a nicely graduated series, from scale leaves of purely leaf-base nature 
(Fig. 48 e), through scale-leaves in which the base is reduced and there is 
a petiolar apex^ (F), to foliage leaves in which a long petiole terminates in 
a limb and in which the leaf-sheath may be conspicuous (g) or poorly 
developed (h), and finally to phylloclades (l), in which the sheath is absent 
and there is merely an extremely reduced petiole and a well-developed Hmb. 
We will return on p. 12^55 to the evidence for the petiolar nature of the base of 
the phylloclade. As I have attempted to explain in previous papers 
( 1 , 3 , &c,), I look upon the blade-like Hmb of Monocotyledonous leaves as an 
expansion of the distal region of the petiole ; and since I regard the phyllo¬ 
clade as a leaf, I should naturally apply the same interpretation to its limb. 
But, so far as the present paper is concerned, this is a side issue, and the 
theory of the phylloclade, here adopted, stands or falls independently of the 
phyllode theory of the leaf. 

The hypothesis which we are now considering does not stop at treat¬ 
ing the phylloclades as leaves; it goes farther, and relegates them to 
a definite category—that of prophylls or hracieoles. The idea of regarding 
these large and well-developed organs as prophylls may perhaps demand 
some readjustment of one’s general notions about the relation of the prophyll 
to the rest of the shoot. As a rule the prophylls of the vegetative shoots, 
and their equivalents, the bracteoles of the reproductive shoots, are small 
and unimportant objects, both in comparison with the lateral axis which 
bears them, and with the leaf which subtends this axis. But, as Duval- 
Jouve ( 16 ) pointed out, the relatively great size of the prophyll in the 
Rusceae is probably to be correlated with the minimal character of the 
lateral axis that produces it, and with the reduction to a mere caducous 
scale of the leaf subtending this axis. The prophyll has, as it were, assumed 
the predominance among this group of organs, and, in the course of its dis¬ 
proportionate development, it has completely mastered the gi'owing apex of 
the axis which bore, it. ' 

It is characteristic of Monocotyledons that the prophyll often shows 

..Transitional leaves of a. somew,h,at different type have been' described for Danae f 27 , p. ■ 26$, and; 
Figs. 26 and 27, p., 269). 
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a precocious development ; It is possible, indeed, to find extremely young 
bud rudiments, in which little besides the prophyJl is recognizable. 
Figs. 50 A-C, p. 357, represent three transverse sections from a series 
through an axillary bud of Rhipogomim albnni, R. Bn (Liliaceae) ; this 
bud was only about half a millimetre in width, and, as the sketch 
shows, at this stage the prophyll, /n, was very much more conspicuous 
than the growing apex, ap,, which represented the remainder of the bud. 
If the prophyll retained through life the ascendancy over the other elements 
of the shoot, which Is not infrequent in these early stages, we should 
have something comparable with the conditions prevailing in the Rusceae. 
And it may be suggested that, in their exaggerated prophyllar develop¬ 
ment, the Lemnaceae offer a case to some extent analogous with the 
Rusceae, for in the Duckweeds the whole vegetative shoot system consists 
of reduced axes, each bearing a prophyllar leaf (2). 

I should like also to suggest that there are two characters, visible on 
naked-eye examination, which seem to favour the identification of the 
phylloclades of Semele and the prophylls of other Monocotyledons. One 
of these is the lack of a predominating midrib (Figs. 46 a and B, p. 246), 
a character which is also shared by Danae (Fig. 3A, p. 232); while the 
other is the major importance as.sumed by the two main lateral veins 
{iKc,, Figs. 41 A and 42, p. 244, and Fig. 45 a, p. 246). A bi-keeled fornr 
with two principal veins, neither of which is in the median position, is 
a common character of Monocotyledonous prophylls, and the condition 
in Semele can be paralleled, in detail, in the prophylls of another member 
of the Liliaceae, Ornithogahtm candatmn, Ait. ( 21 ), in which the midrib, 
though present, is smaller than the two main laterals. An entirely 
clifterent explanation of the presence of these two prominent lateral veins 
in Semele has been given by van Tieghem, who regards them as due to 
the adnation to the prophyll of a double cyme consisting of a pair of 
sympodia. To this view there seem to me to be two serious objections: 
firstly, that these two conspicuous lateral veins may also be found in 
a sterile phylloclade (e. g. Figs. 45 A and B, p. 246); and, secondly, that 
there Ls no good evidence that the set of flower clusters borne on the 
phylloclade of Semele form, m their entirety^ a cymose inflorescence. 
There is no terminal flower at the point from which the two veins 
diverge, and the marginal flower-buds are not themselves terminal, but 
arise in the axils of bracts (e. g. Figs. 33 and 34, p. 242). And, moreover, 
I do not think that we have any reason to assume that the character of the 
inflorescence in Semele determined the position of the main veins in 
the phylloclades; it appears to me much more probable that, throughout 
' the Rusceae, the flower-buds have followed the principal veins of the 
j prophyll, simply because, without a supply of food and water, they could' 
; not develop. But the question arises, why is it that inthe two- 
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main lateral veins predominate, while in Ruscus the median vein retains 
its supremacy, and the flowers, correspondingly, occur in the median 
line ? It seems to me possible that the difference between the phylloclades 
of the two genera is to be related to the conditions in the bud. There 
is little doubt that, in Monocotyledons in general, the midrib-less, bi- 
keeled form of the prophyll is due to compression of its median region 
during development; the prophyll is, as it were, squeezed between the 
axillant leaf and lateral axis on one side, and the main axis on the 
other. Now the two-ranked arrangement of the leaves found in Semele 
P* which is a common form of phyllotaxis throughout Mono¬ 
cotyledons, affords just those conditions of close packing under which the 
main laterals of the prophyll are likely to develop more conspicuously 
than the median strand. But in Ruscus the spiral phyllotaxis (Figs, ii a 
and B, p. 236) gives greater freedom, and the median strand is thus able 
to hold its own. 

In comparing the phyllociade to a single prophyll facing the axillant 
leaf, which is the rule among Monocotyledons, we may be met by the 
objection that the branches of the Rusceae are apt to have their first 
leaves laterally placed, so that they do not conform to the Monocotyle- 
donous type, but almost recall the paired prophylls of a Dicotyledon 
(e. g. Danae racemosa^ L and Fig. 11, p. 231; Semele androgyna^ and /.g, 
Fig. 30 B, p. 242). But I do not think that this objection carries much 
weight, since in the buds borne on the phyllociade of Rusetis aculeaius 
we find that the two first leaves may either be arranged transversely 
{ 5 r/ znd brl\ Fig. 19 E, p. 236) or else so obliquely that the first almost 
faces the axillant bract (hr!^ Fig. 16, p. 236); an oblique placing oi br! in 
relation to br, is also characteristic of the inflorescence buds of Semele 
androgyna (Figs. 34 A and E, p. 242). It is conceivable that the bifid phyllo¬ 
clades, which frequently occur in Semele (Figs. 43 a-G, p. 244)5 may repre¬ 
sent cases in which the phyllociade is equivalent to two transversely 
placed prophylls, congenitally fused to form a single organ facing the 
axillant leaf. 

There seems, then, to be little difficulty, on general grounds, in 
regarding the phylloclades (except those terminal to the long shoots) as 
prophylls, and when we turn to the internal structure we find that this view 
is reinforced by strong and definite anatomical evidence. A feature common 
to the phylloclades—-sterile and fertile—of all the five species of the Rusceae 
is that, in those veins which consist of a single bundle, xylem is directed 
' towardsthe axillant leap This peculiarity was first recorded by van 
Tieghem ( 29 ), who was also the first to appreciate its significance; it is 
illustrated iot Danae racemosa in Figs. 2 B and c, 4 B, 5 and 6 a, p. 232 ; 
'■Ruscus aculeatus. Figs. 10 and 19 D-F, p. 236 ; R. Hyp'oglossutn, Figsi21 B 
and K, 23 A and B, p. 238; J?. Hypophyllmn, Figs. 26 B and 28, p. 240; 
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Semele androgyma, Fig-. 35, p. 244, Fig. 46'D, p. 246. On the caiilome theory, 
this peculiar and consistent orientation of the bundles is inexplicable, but it 
is, on the other hand, precisely what one would expect if the phylloclacle is 
the prophyll of a branch subtended by the axillant leaf, and, like the majority 
of Monocotyledonous prophylls, ‘ adossiert ’ in relation to the main axis. 

Turning from the consideration of the prophyll itself to that of the 
hypothetical axis which bears it, we find ourselves involved in some 
obscurity, because Duval-Jouve ( 16 ) and van Tieghem ( 29 ) gave an ac¬ 
count of the anatomy which, though it perfectly supported the idea of 
adnation—as they understood this term—does not, unfortunately, repre¬ 
sent the facts. One would gather from their descriptions that, while in 
Rtiscus the sterile phylioclade and the distal region of the fertile phylio- 
clade have an obviously foliar type of anatomy, with a single series of 
bundles lying in one plane, the fertile phylioclade has, in the proximal 
region, a median cylinder of bundles, suggesting stem anatomy, which 
passes into the inflorescence axis at its point of detachment. But this 
description, though it accords diagrammatically with these authors’ concep¬ 
tion of the adnation theory, is altogether too simple. I have found that in 
the phylloclades of Rusms and Semele the principal bundles are often radial 
in structure, %vhether they bear any relation to an injiorescence or not. This 
is demonstrated by many of the sections illustrated in the earlier part 
of this paper. We may take the case of Ruscns Hypophyllttm as an example, 
since it was that on which van Tieghem based his description. From his 
account it would appear that there is only one vascular cylinder, which 
passes from the base of the phylioclade to the inflorescence which it supplies. 
I have found, however, that a section cut near the base of a fertile phylio¬ 
clade may show no less than five radial bundle groups, occupying the 
principal veins, only one of which is destined to be associated with the 
inflorescence (Fig. 26 B, p. 240). Figs. 27 C, i), E, again, show that radial 
structure may be retained in more than one vein in the distal region of the 
phylioclade above the inflorescence. Fig. 28 also reveals two radial veins 
in a section cut not far from the base of a sterile phylioclade. Rusms 
Hypoglossum gyves exactly comparable results (see Figs. 21, 22, 23, p. 238); 
while in i?. its vascular system is reduced as compared 

with the other two species—we may find a vascular cylinder in the midrib 
even of the sterile phylioclade, if it is a well-grown example (Fig, 14, p. 236). 
In the fertile phylioclade of Semele androgynay di.gd.m, it is not only the 
two principal veins supplying the infloi-escences which are radial, but also 
others lying between them (Fig. 41 B, p. 244), and vascular cylinders may 
also be found in the sterile phylioclade (Fig. 45 B, p. 246). 

' 'But, ''despite;, the errors,;:in^ Duval-Jouve’s' and, van Tiegbem’'s descrip-' 

^ Since this paper was in print, I have learned that the nnmerons vascular cylinders in the phylio- 
clade of R^^iffypogksstim'wtxt 'describe,d by-F./Falkenberg, Vergieichende .Unierstuhungen^ 1876. 
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tions, I am inclined to believe that they were essentially right in claiming 
the fertile phylloclade of the Rusceae as representing a case of adnation 
between an inflorescence axis and a prophyll. But I think they should 
have gone farther, and instead of raising an artificial barrier between the 
sterile and the fertile phylloclades, by regarding the former as terminal 
to an abortive axis, while restricting the idea of adnation to the latter, 
they should have treated all the phylloclades as alike formed by adnation 
between a lateral axis and its prophyll—the only difference between 
the two types being that that which is described as 'sterile' beats no 
other appendages after the prophyll, while the ' fertile' or ‘ floriferoiis' 
phylloclade, on the other hand, produces one or more bracts subtending 
buds. I do not think it is possible, in either case, to decide precisely where 
the adnate axis ends; there is obviously no criterion for this determina* 
tion in the case of the sterile phylloclade, and even in the fertile phyllo¬ 
clade we cannot come to any final conclusion, because the flower-buds 
all arise laterally in the axils of bracts, so that there is no necessity to 
treat the inflorescence—as van Tieghem does—as marking the termination 
of the axis. In this and other points of interpretation, I think that Duval- 
Jouve and van Tieghem were misled by their failure to realize that the 
union which the adnation represents is a fusion of an excessively intimate 
nature, in which one partner—the prophyll—has gained such complete 
ascendancy that it is useless to look for the structural boundaries of the 
adnate axis; the prophyll has, as it were, absorbed the axis without making 
any concessions to it, and has retained its own foliar type of anatomy 
unaltered. 

It has been usual for those who have dealt with the morphology of the 
phylloclade—whether they have taken the axial or the foliar view—to treat 
the extreme base of this organ as axial, and to point to its ' radial' anatomy 
as a proof of their contention. The structure of the region in question is 
demonstrated ior Danae racemosa in Fig. 4 a, p. 23a; Ruscus acuhatus^ 
Fig. 19 A, p. 236; R» Hypoglosstmt^ 21 B, p. 238; Semele androgyna. 
Fig. 37, p. 244. (In all these drawings the morphologically upper surface 
of the phylloclade is turned towards the lower margin of the page.) It 
is true that the type of anatomy revealed by these sections, may—In a 
broad and sketchy sense—be called 'radiar; it is not, however, the 
genuinely radial symmetry of an axis. It seems to me, on the contrary, 
to indicate that the base of the phylloclade is petiolar, rather than axial, 
for it shows just that compromise between dorsiventrality and radial 
symmetry which characterizes many leaf-stalks. This petiolar interpreta¬ 
tion is indicated in the diagrammatic sketch, Fig, 48 I, p. 250; the 
strotigest argument in its favour seems to me to lie in the fact that the 
petioles of the long-stalked foliage leaves of 'Semele' dndrogyna haye 
' themselves., a decided, tendency to a' * radial' ^. type ; of structure; this.;;^ is' 
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shown in Figs, 47 B and C, p. 246, and still more distinctly in the petiole 
of a better developed leaf of the same species figured b}' Dickson ( 14 . 
PL IX, Fig. 3), There is a, hint of the same tendency in the occurrence 
of inverted bundles in the petiole of the ground leaf of Danae (Fig. i B 
and c, p. 231 ; see also 27 , F'ig. 29, p. 269). 

Not only the structure of the extreme base of the phylloclade, but 
also the occurrence of those 'radial’ bundle-groups in its limb, to which 
we have referred on p. 254, have been claimed as indications of a struc¬ 
ture at least partially axial. But the presence of these vascular groups, 
which may, indeed, be called distinct steles, is not necessarily an axial 
rather than a foliar character- In foliage leaves, even within the family 
Liliaceae, this type of structure can be paralleled. Arnocrimim Drnm- 
mondii^ EndL, for instance, has a leaf in which I have seen as many as 
seven distinct steles; the sections shown in 3 , Fig. 16 B, p. 454, may 
be compared with that of the phylloclade of Rusctis Hypophylhim given 
here in F'ig, 26 B, p. 240. And, moreover, it is not necessary to leave the 
Rusceae in order to find radial veins in an expanded foliar member. 
Fig, 47 D, p. 246, shows structure of this type in the basal part of the 
limb of the foliage leaf borne by a seedling of Semele a^idrogyna ; the 
compound veins are each marked with ax. 

Duval-Jouve compared the fertile phylloclade of Rtisctis to the 
bracteole of Tilia} with its adnate inflorescence axis. This comparison 
is, I think, perfectly valid, but unfortunately he vitiated it by describing 
the bracteole of Tilia as showing, above the inflorescence, the organiza¬ 
tion of a leaf, pure and simple, and, below the inflorescence, the organiza¬ 
tion of an axis fused with the leaf. This account is entirely wrong, and 
was indeed immediately corrected in a note by Cornu which follows 
Duval-Jouve’s paper. According to current morphological ideas, we have 
in Tilia a foliage leaf (/., Fig. 49 a) in whose axil an inflorescence, arises. 
This inflorescence has, as is usual in Dicotyledons, two prophylls or 
bracteoles ; one (p) is highly developed, and the inflorescence axis is, for 
some distance, fused with its upper surface. The second of these paired 
bracteoles is reduced and scale-like, and bears a bud, in its axil. The 
sections drawn in Figs. 49B-"D show that the vascular skeleton gives no 
indication of the fusion of bracteole and inflorescence axis. In the mid¬ 
rib of the bracteole, below the inflorescence, there is a ring of bundles, 
but there is no reason to interpret this as anything but a purely foliar 
arrangement, since the midrib of the normal foliage leaf also has a bundle 
ring. therefore, offers us an analogy for the Rusceae in having its 

inflorescence axis $0 completely merged in the prophyli that, until just 
below the point at which the two organs separate, the anatomy remains 
completely foliar, 

^ This cotftpanson was suggested in 1820 by Turpin (SO), 
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I think that if we accept the view that, in the Rusceae, the adnation 
between prophyll and axis is so intimate that it is no longer revealed 
even by the anatomy, which remains in all respects that of a leaf, we 
shall find it less impossible to account for certain anomalies in the rela¬ 
tion of the inflorescence to the phylloclade, to which attention was drawn 
by van Tieghem, and which otherwise stand in the way of the acceptance 
of the prophyllar theory. If the phylloclade is the prophyll (or bracteole) 
of the inflorescence axis, we should naturally expect to And the bract and 
the flower-buds given off on the side of the prophyll which lies towards 



Figs. 49 and 50. Cases for comparison. Figs. 49A-E, Tilia sp. B'ig. 49 A, leaf, 4 , with 
axillary inflorescence, 4 , partially fused with its bracteole, j^>.; //., bud in axil of second bracteole 
(x |). Figs. 49 B-E, series of transverse sections (x 23) showing diagrammatically the plan of the 
vascular structure of midrib of bracteole; xylem, black; phloem, white. Fig. 49 B, at level of 
arrow Bin Fig. 49 a. Fig. 49 c, at level of arrow c. Fig. 49 D, at level corresponding to arrow i>, 
but from another bracteole; the vascular tissue marked v,c.i, in c and D is destined for the 
inflorescence. Fig. 49 E, at a level between D and apex of bracteole, but from another bracteole. 
Fig. 50 A-c, jRhipogomim alburn^ R.Br., section from series from below upwards through very young 
axillary bud. Axillant leaf would lie towards lower margin of page; ax.^ axis; pr,^ prophyll; ap., 
growing apex of bud ( X 23). 


the axillant leaf, and away from the main axis. This expectation is 
realized in most, but not all, of the phylloclades of Ruscus Hypopkylhmz 
and in some of those of R. Hypoglosstim ; but sometimes in R. Hypophyllum, 
generally in R. Hypoglossum^ and practically always in R- acnleatus^ tkt 
bract and bud are found on the side of the phylloclade towards the main 
axis. This characteristic and peculiar position is shown, for R. actdeatuSy 
in Figs. 13 D, 13 A and B, and 15, p. 236. In Semeie ajidrogyna.dlt^^^^ 
the inflorescence buds are, normally, marginal, they are sometimes median 
like those of Rtiscus^ and may then appear on either face (e.g. X in Fig. 33 G, 
and Y in. Fig. 33''h, p.' 34^, and Figs., 43 and 44, p. 3,44)* Ruscm mzy also, 
as an abnormality, show an approach to in the marginal placing 

of'the buds (e.g..Fig. 24, p.,'a38., and.Fi'g. 29, p. 340). If, in the adnation; 
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of the inflorescence axis and prophyll, the axis retained its individuality to 
the extent postulated by Duval-Jouve and van Tieghem, the way in which the 
bracts and buds emerge indifferently from either surface of the phylloclade 
would be incomprehensible. But when we have once realized the degree 
to which the prophyll has made itself master of the situation, and the 
completeness with which the axis has lost its anatomical independence, 
the vagaries in the situation of the buds become slightly less surprising, 
though they still remain an intriguing subject, on which we want further 
light. It would be of great interest to know whether corresponding varia¬ 
tions in the normal relation of bracteole and inflorescence ever occur in 
Tilia ; so far as I know, no anomalous cases of this type have ever been 
recorded in the Lime, but it is possible that something of the kind 
might be discovered if a search through a large mass of material were 
undertaken. 


Summary. 

The present paper records the results of a re-examination of the 
vegetative structure of Danae^ Rtisms, and Semele^ special attention being 
paid to the anatomy, and, more particularly, to the relations of the 
members of the shoot, as revealed by serial sections of the developing 
buds. 

The various morphological interpretations that have been suggested for 
the phylloclades of the Rusceae are then reviewed, and it is concluded 
that the facts of the case are best met by a theory developed from that 
of Theophrastus ( 28 ), Koch ( 19 ), Duval-Jouve ( 16 ), and van Tieghem ( 29 ). 
According to the interpretation here proposed, the phylloclades of the 
Rusceae, whether sterile or fertile, are all foliar (see Figs. 48 E-l, p. 250). The 
great majority (excluding merely those which terminate the long shoots of 
Ruscus and sometimes of Semele) I'epresent prophylls (bracteoles), each 
borne on a lateral axis subtended by a scale-leaf; the lateral axis is, 
throughout its length, congenitally fused with the prophyll, to which it 
is so completely subordinated as to lose all vestige even of anatomical 
independence, with the result that the phylloclade is foliar in structure 
from the extreme base upwards. The adnate axis may either bear no 
second appendage after the prophyll (all phylloclades of Danac and 
sterile phylloclades of Ruscus Semele), or it may be responsible for 
one or more bracts with buds in their axils (fertile phylloclades of Ruscus 
and .Semele ),.. . . , , , ■ 

BALFOUa bABOEATORY, "CAMBlUnCE.’■ 
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The Effect of General Anaesthetics on the 
Respiration of Cereals. 

I. Carbon Dioxide Production. 


BY 

EDITH PHILIP SMITH. 

With nine Figures in the Text. 

A naesthesia may be defined as a reversible diminution of irritability. 

L It is associated with changes in the oxidative processes (respiration) of 
the cell, and it may be possible to arrive at an answer to the question of the 
fundamental nature of anaesthesia by studying the effect upon respiration 
of substances known to possess anaesthetic properties. Plant tissues are 
particularly suitable for this purpose, since there are no complications intro¬ 
duced by muscular action. 

For practical clinical purposes anaesthetics may be divided into general 
(acting upon the central nervous system) and local (acting upon a limited 
portion of nerve). Of the first class, ether, chloroform, and alcohol are 
typical; of the second, the cocaine derivatives. A comparative study has 
been made of ether, chloroform, and ethyl alcohol in respect of their action 
on the carbon dioxide output of wheat, rice, and oats. The oxygen intake, 
permeability to carbon dioxide, and cytological changes will be dealt with 
subsequently. 

Material. 

The material used was wheat, strain Gallon's ‘Little Joss’, crop of 1933, 
from the East of Scotland Agricultural College: oats, pure-line ‘Sandy 
from the Scottish Society for Plant Breeding, Corstorpiiine: rice, a pure- 
line cultivated strain from Nagpur. The dry seeds were treated with 
hydrogen peroxide for ten minutes, to subdue the growth of moulds, washed 
in running water ten minutes, and germinated in sterile Petri dishes in the 
dark, at a temperature of about 65^ F. The seeds were just covered with 
boiled tap-water to start with, and usually no more water was needed. Under 

TAnnalS'of Botany, VoL XXXVIII. No. CL. April, 1934.3 
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these conditions the rice seedlings were ready for use in 3-4 days^ the wheat 
in 4--5 days, and the oats in 5-6 days. The plants were taken when the 
roots were one-half to three-quarters of an inch long, with abundant root- 
hairs. The plumule was just showing, but without chlorophyll The 
average number of seeds used in an experiment was twenty. Of the three, 
the wheat was the most satisfactory, both as regards the uniformity of 
germination and freedom from fungal attack. The oats were particularly 
susceptible to moulds, so that after some preliminary trials they were dis¬ 
carded, as there appeared to be no qualitative difference in their reaction to 
the anaesthetics used. 


Method. 

The carbon dioxide output was measured by the direct indicator 
method of Haas ( 1 ). The seedlings were put into a test-tube of resistance 
glass with a standard volume of water containing phenol red as indicator 
(three drops of o-oi per cent, aqueous solution to 10 c.c. water), and the 
tube closed : the seedlings are thus irmnersed in a known volume of water 4- 
indicator, and the carbon dioxide given off by them in respiration dissolves 
in the water. The original pH value of the solution was determined by 
comparison with Palitzsch*s borax buffers ( 4 ), contained in tubes of the 
same size and having the same concentration of indicator. The time taken 
for the carbon dioxide produced by the respiring material to change the pH 
of the water from one known value to another more acid is noted, the same 
pH interval being used as standard in all experiments. In this case the pH 
values used were 7*36 and 7*09. When the more acid value is reached, 
the water is poured off, the seedlings rinsed three times with 10 c.c. of water 
(of the same temperature and pH value as before), and allowed to drain for 
five seconds : a fresh supply of water and indicator is then added, and 
another reading made. This is repeated until a practically constant value 
is reached. The mean of several (five to ten) observations is taken as the 
standard. Provided that the temperature is controlled, the readings should 
not vary more than 5 per cent, from the mean, and with favourable material 
the probable error of the mean can be quite easily reduced to 2 ^ per cent of 
the mean.''^ In these experiments, the normal rate of respiration is taken as 

^ The probable error of the mean is calculated in all cases by Peter’s formula, and expressed as 
per cent, of the mean. Thusy if the readings are 35, 40, 40, 40, 45, 40 seconds, the mean time is 

40 secs., the sum of the deyiations 10, and the probable error of the mean, ~ j.g 

4 ^ 

'Cent of the mean. • In the same way, if the readings are 62, 65, 65, (>5,, the mean' is '64*25, and the 
.probableerror 0.44.per cent ': 5o,,;5o,;5o, 48,'5P, m'ean''4S.6, probable error.'0.7'per cent,6:0, '60, 6'5', 
'■.62.,.'60, mean probable error' I'.i per cent.: 95, loo, 95, 100, iqo,,mean 98, probable error 
1*03 per cent. These figures are all from'actual experiments, and give .an indication of the'degree 
of accuracy with which the * normal ’ rate of respiration can be measured. 
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the reciprocal of the average time required to change the pH of jo c.c. of 
tap-water from 7-36 to 7*09, and is expressed for purposes of comparison as 
100. Deviations from the normal are expressed as percentages of the 
normal. Once a constant rate was attained, it would remain for six to 
eight hours: as the average experiment lasted two to four hours, it may be 
taken that variations during that period were not due to manipulation. 

When the normal rate has been determined as described above, a solu¬ 
tion of the reagent in use, having the same concentration of indicator, is 
substituted for the water and the experiment continued. 

Care was taken to use only the purest reagents obtainable. For each 
experiment, 250 c.c. of the required concentration were made up with tap- 
water, and adjusted, if necessary, to the standard pH value by the addition 
of traces of NaOH or HCl : all the solutions were kept in vessels of resis¬ 
tance glass, to avoid variation from acid or alkali dissolved out of the glass. 
All concentrations are expressed in terms of the molecular weight of the 
solute, and as all were used at the same pH value, it is assumed that they 
are strictly comparable. 

It may be mentioned here that careful comparison between Haas’s 
direct method and Osterhout’s ( 3 ) shows that^ with material such as this, 
there is no appreciable difference in accuracy, and the direct method has the 
advantage that readings can be taken immediately on adding the reagent, 
without the need for waiting till equilibrium Is established as in the closed 
system of the Osterhout apparatus. 

It should be pointed out that in all these experiments, where the 
carbon dioxide output of seedlings is being measured under water, the 
oxygen supply is less than the normal: since the controls are also under 
water, the experiments are quite comparable among themselves. The use 
of numerous small portions of solution also ensures that the concentration 
of reagent (and of oxygen) shall be the same throughout the experiment. 

Results. 

I. Chloroform, 

The concentrations used were the following : o*o6, 0-04, 0*02, o*oi, 
c-ooi 5 0*0001 Molar. (c*o6 M. is an approximately saturated solution at 
room temperature.) ■ 

With air concentrations used the rate-time curve had the same general 
shape. The first effect of the anaesthetic was to cause a depression in the 
rate of carbon dioxide output: after a length of time varying with the con¬ 
centration the rate returned to normal and then rose rapidly to a maximum. 
This period of increase was immediately followed by a' continuous' depres¬ 
sion of the rate. The curve falls rapidly from the maximum to about 
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60 per cent, of the normal, and then flattens out at a practically constant 
level of 44 per cent, with all concentrations. 

These results can be expressed in the following table: 

Table I. 


WHEAT. (Fig. I.) 
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Rate be/ 



Time io 

/'"eriod 


I'inte io 

I/riod 


Cone. 

Mini¬ 

reach 

of sub¬ 

Maxi¬ 

7 'cach 

ofsupra- 

1 2-me to 
7'each 

Cl/a., 

mum. 

7 nini- 

normal 

mum. 

Diaxi- 

nori7ial 




■munt. 

7 -ale. 


7 !lU/n. 

rate. 

UO JQ. 

M. 

O’ 

,-'0 

min. 

min. 

0/ 

.-u 

min. 

min. 

min. 

o.c6 

()0 

6 

12 

300 

19 

15 

— 

0-04 

50 

6 


260 

21 

12 

.^5 

0*02 

so 

Q 


150 

4 .^ 

10.5 

60 

0-01 

50 

9 

50 

120 

54 

9 

78 

0.001 

5 ^ 

9 

69 

I 12 

72 

6 

87 

0.0001 

50 

9 

87 

TOO 

90 


112 




RICE. (Fig. 

2.) 



o.o6 

70 

' 5 

S -5 

300 

16 

15 

S.n 

0*04 

5S 

9 

24 

200 

27 

12 

45 

0*01 

5 ^ 

12 

52 

120 

55 

6 



Rate 
afier 
2 hours. 


44 


‘ Eate ’ is expressed as per cent, of the normal rate as defined above. 

‘ Time ’ is reckoned from the beginning of e.xposiire to the anaesthetic. 
The figures given are the mean of several e.xperiments. 


These results are similar to those obtained by the writer with ether (8), 
with several important differences. Thus, with ether the first minimum 
varies according to the concentration of ether. 

With 7*3 per cent, (by vol.) ether (0*72 M.), minimum is 70 per cent. 

5? ty j> „ ,, 48 pel cent. 

„ I'O „ „ „ (0*09 M.), „ „ 36 per cent. 

This agrees with the results of Irwin (2) on animal tissues. The second 
difference is in the possibility of recovery from the anaesthetic, and will be 
considered in the next section. 

Recovery> In order to test the possibility of recovery from the 
exposure to chloroform, experiments were made in three different ways. 

1. The seedlings, after the normal rate of respiration in tap-water was 
determined in the usual way, were placed in a large volume of 0-04 M. 
solution of chloroform for various times. At the end of the period the 
respiration was taken, first in chloi'oform and then in tap-water, to see if any 
recovery took place. It was found that after exposures of one, three, or five 
hours to 0-04 M, chloroform the rate ■of respiration, was reduced to,. 50 per 
cent, 34 per cent., and 32 per cent, of the normal respectively, and that no 
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recovery took place on removing to tap-water, the rate continuing to 
decline slowly (Fig, 3). 

2. Chloroform 0*04 M,, 0-02 M., 0*005 M. was used, and the experiment 
continued with each concentration until the respiration was reduced to 
60 per cent, of the normal. On removing to tap-water the rate fell at once 




4. 



I ' Ricf uirti Chiarayorfft/\ O'Ob N, 
j O 004 « 
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Fig. j. Fig. 2. 

Fig. I. Respiration of wheat with chloroform 0-04 M., o-oi M,, o*ooi M., o-oooi M. The 
curve with 0.04 M, is the mean of five experiments (probable error of the mean, less than 4per cent.): 
the other curves represent single typical experiments. The normal rate is taken as the reciprocal 
of the time required to change the pH of 10 c.c. of tap-water from pH 7.36 to pH 7-09, and is 
expressed as 100 per cent. Deviations from the normal are expressed as per cent, of the noimal. 

Fig. 2. Respiration of rice with chloroform 0.06 M., 0.04 M., o.oi M. The curve with o*o6 M, 
is the mean of three experiments, probable error less than 5 per cent, of mean: with 0.04 M., the mean of 
six experiments, probable error less than 3-7 per cent, : with o*oi M., the mean of three experiments, 
probable error less than 10 per cent, of mean. 


to 50 per cent, and continued at that level, Ko recovery took place 
(Fig, 4). This is in marked contrast to the effect with ether, where recovery 
is possible and appears to be complete, even when the respiration has been 
reduced to/60'percent. ' 

" ■ ■ 3, Chloroform' o* 04^M used, and the: seedlings removed at;the'Era 

minimum''(after six minutes), at, the maximum,'(after: twenty minutes), ,and' 
after twenty-seven :'mmutes, when the rate was' again' normal In',the' 'first,' 
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Fig. 3, Rate of carbon dioxide production of wheat after i, 3, and 5 hours* exposure to 
chloroform 0-04 M. Three experiments. 




Fig. 4, Wheat with chloroform 0.04 M., 0.02 M., 0.005 M., showing that no recovery takes 
place after the rate has been reduced to 60per cent, the rate falling to 50 per cent, on removal to 
ty,x>water. Solid line, respiration in chloroform; broken line, respiration in tap*water. 

^Fig., 5. ' Whea^ with, chloroform ,0.04 M., showing effect of removal to' tap*water after, 
6 minutes,,'20, minutes,■■ay,minutes, and' 52'■■minutes.'. Recovery only in first',.case. ,' ■ Composite'^ ctirv'e' 
trom four experiments.', 
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case the respiration returned to normal- and remained so. In the second 
and third cases the* rate fell rapidly to 50 per cent, on removal from the 
anaesthetic and continued at that level (Fig. 5). A series of experiments 



Fig. 6. Wheat with chloroform 0*04 M. Cumulative effect of three exposures of five minutes 
each, equivalent to fifteen minutes’ continuous exposure. Mean of six experiments; probable error of 
the mean, less than 5 per cent. 

Este. 



Single experiment. 

was' then made in which the material was exposed to chloroform "(9-04 M.) 
for three periods of five minutes, with intervals of fifteen minutes in tap- 
' Water. ': Readings were- made co-ntinuously throughout these--,experimentSrin: 
the-usual w,ay. After the fi-rst two'exposures the rate'returnedAo'-'horn^al''^^^^ 
after the third, it fell at -once to;5o per cent, on placing in tap-water. Even, 

■■■ TO, - :p; 
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when the intervals between the exposures were increased to one hour, no 
recovery was possible after a total exposure of fifteen minutes to the 
anaesthetic (Fig. 6). 

This cumulative effect was not found in ether, where the comjilete 



Fig. S. Respiration of wheat with ethyl alcohol 0.2 M. Mean of four e.xperiments. Probable 
error, less than 2-5 per cent, of the mean (e-xcept for two points, where it is 6 per cent.). 

response can be repeatedly evoked, provided the rate of respiration is 
allowed to return to normal between exposures (Fig. 7). 

II. Ethyl Alcohol. 

With ethyl alcohol o-a M. the following results were obtained. The 
rate fell to 60 per cent, in twelve minutes, i-emaining below normal sixty 
minutes: rose to a maximum of 125 per cent, in seventy-two minutes, then 
fell to 75 per cent, in two hours and 64 per cent, in four hours (Fig. 8). 

Discussion OF Results. 

According to the definition, anaesthesia is reversible: a study of the 
limits, either of length of exposure or concentration of anaesthetic (the two 
are of course interdependent), within which recovery can take place, should 
enable one to define that part of the reaction which can justly be called the 
‘anaesthetic effect’. Recovery, for present purpo.ses, may be defined as 
a return of the material to a completely responsive condition. Thus with 
ether p-36 M., recovery is possible after six hours’ exposure, while with all 
concentratiohs of chloroform fifteen minutes seems to be the critical time 
beyond which recovery will not take place, the rate falling to 50 per cent. 
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on removal to water in every case (Fig. 4), Whether this means that one- 
half of the cells of the material are killed, while the rest retain their normal 
degree of metabolism, or whether all the cells suffer from a permanently 
lowered metabolism, cannot yet be decided : the fact that after treatment 
with ether the seedlings can be grown on and will 'become normally green, 
while in the case of chloroform no further growth takes place, seems to point 
to the latter conclusion. It is evident that the chloroform is retained by 
the cell in some form of combination, either chemical or physical, while 
ether is almost completely eliminated. This is in accordance with the 
findings of clinical practice as to the relative toxicity of the two anaesthetics. 

It is significant that all concentrations of chloroform from o*oz M. to 
0‘000i M. depress the rate of respiration to 50 per cent, as their first effect. 

There are evidently two reactions concerned: one leading to an 
increased carbon dioxide production, the other to a decreased carbon 
dioxide production. With low concentrations of chloroform the latter pre¬ 
dominates. Only when a certain concentration of chloroform is reached in 
the cell does the outburst of carbon dioxide occur, and the maximum 
probably indicates the using up of some antecedent substance, whose forma¬ 
tion a low concentration of chloroform hinders. A low concentration 
acting over a longer time (as with the more dilute solutions) would explain 
the lowering of the maxima with increasing dilution. 

Ray ( 5 ) finds that chloroform in low concentrations (0-25 per cent, by 
voL) causes an increase in the rate of carbon dioxide production in Ulva^ 
followed by a decrease. With 0-5 per cent, only a decrease is observed. 
In a system consisting of dead tissue (furnishing the oxidizable material), 
with the addition of H2O2 and Fe2(S04)3 as peroxidase, carbon dioxide is 
giyen off. The rate of production is affected by chloroform, the exact 
effect depending on the concentration of iron. If the latter is low, an 
increase is obtained, followed by a decrease: if high, the rate decreases 
from the start. 

Organic acids oxidized by H2O2 and Fe2(S04)3 give off carbon dioxide 
at a rate which can be measured by the indicator method. In the case of 
imsaturated acids (such as tannic, oleic, cinnamic) the rate can be affected 
by chloroform, giving with oleic and cinnamic acids an increase followed by 
a decrease. With tannic acid, the rate first decreases, then rises above 
normal, and finally falls (6). From these results he concludes that the 
effect of chloroform is solely on the oxidative system of the cell, and that 
the question of the lipoid solubility of the anaesthetic or of the destruction 
of the plasma membrane can be disregarded ( 7 ). 

The experiments of the writer do not agree with this conclusion. The 
■'differences inThe,.shape of,.the, curve .are .most probably■ connected w.ith the 
presence or absence, of "oxidizable reserves in .the, tissues.' A''plant'.such'as, 
OTw, where there can be no great quantity of reseiwe material available, 
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might, when treated with 0-5 per cent, (about ^0*06 IVL) chloroform, use up 
the substance antecedent to carbon dioxide so quickly that a preliminary 
outburst of carbon dioxide might be over before the first reading could be made. 

MoreoveFj the experiments on recovery show that the cliloroforni 
enters into a more stable association with some cell constituent than would 
be the case if it merely acted as a catalyst, as is suggested by Ray (7), on 

the analogy that chloroform accelerates the 
production of carbon dioxide at low con- 
centrations,hinders it at higher ones, as certain 
acids affect enzyme action. 

There is yet another possibility which 
must be taken into account. The writer has 
found, using the corolla of Ipomoea Learii^ 
that chloroform and ether markedly decrease 
the permeability of the cell to carbon dioxide 
( 9 ). The decreased permeability lasted for 
fifteen to twenty minutes, and was followed 
by an equally striking increa.se which rapidly 
approached infinity. Of course, the per¬ 
meability never actually became infinite— 
or, to put it another way, the time taken for 
the carbon dioxide to penetrate into the 
cell was always measurable, because even 
when the tissue was killed (as seen by colour 
changes) the cell-walls .still presented a 





Fig. 9. Ipomoea Lenrii. Respira¬ 
tion (curve drawn tlirongli circles), and 
permeability to carbon dioxide (curve 
drawn through crosses), as effected by 
0.04 M. chloroform. Normal in both 
cases is expressed as 100 per cent. (B'or 
method of determining permeability, 
see (9)), , Each curve is the mean of 
three typical experiments. 


residual resistance to the passage of carbon 
dioxide. On plotting the respiration rate¬ 
time curve side by side with the permeability- 
to-carbon-dioxide-time curve, it appears that 
the duration of decreased permeability prac¬ 
tically coincides with the duration of the 
subnormal rate of carbon dioxide production 
(Fig. 9). Whether this time-relation holds for other types of tissues remains to 
be seen* Should it prove to be so, a new interpretation of these respiration 
curves'may be required. It is offered as a tentative suggestion that they' 
are really composite, being the resultant of two effects : that of the 
anaesthetic on respiration proper, and on the permeability of the cell to 
carbon dioxide. It may appear that the true anaesthetic effect is a profound 
depression of respiration, and that the apparent outburst of carbon dioxide 
at the maximum may simply be the release of carbon dioxide retained in 
the cell;'diiring the''per of decreased permeability,,and;not anjncreas'e;-in" ■ 
'respiration.., The effect of the very-'dilute ■solutions used seems to ■ point/in 
■ this'direction. 
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Summary. 

1. The effects of various concentrations of chloroform, ether, and ethyl 
alcohol upon the carbon dioxide output of wheat, rice, and oats, are com¬ 
pared. 

2. It is found that these substances, while differing widely in chemical 
constitution, have similar effects on the respiration of the material used ; 
the first effect is a decrease in the rate of respiration, which is followed by 
an increase to a maximum and a final depression. 

3. These results differ from those obtained by Ray ( 5 ) on Ulva. 
probably due to differences in the oxidizable material available in the 
tissues. 

4. Recovery (defined as a return of the material to a completel]/ 
responsive state) is only possible after very short (less than fifteen minutes) 
exposure to chloroform, and this whether the exposure is continuous or 
intermittent. With ether, recovery can take place even after six hours' 
exposure, provided the respiration is not allowed to fall below 60 per cent. 

5. It is concluded that chloroform enters into a more stable combina¬ 
tion with some cell constituent than ether, and that the differences in 
toxicity of these anaesthetics may be due to that cause. 

6. Experiments with Ipomoea indicate that the effect of the anaesthetic 
upon the permeability of the plasma membrane to carbon dioxide must be 
taken into account in the interpretation of these results. 


The experimental work upon which this paper is based was begun in 
the Harvard Laboratory of Plant Physiology, under the direction of 
Professor W. J. V. Osterhout, to whom the writer wishes to express her 
thanks. It was continued in the Department of Plant Physiology, the 
Royal Botanic Garden, Edinburgh. The writer wishes to express to the 
Regius Keeper, Professor W. Wright Smith, and to Dr. R. J. D. Graham, 
her appreciation of their great kindness in placing the resources of the 
Department at her disposal. 
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Contributions to an Investigation of the Chemical 
Nature of the Cellulose Membrane. 


BY 

F. M. WOOD, B.SC, F.I.C. 

AT an early stage in the study of the chemical nature of the cellulose 
Jr\ membrane begun in 1921, it was found necessary to undertake a 
re-investigation of the methods of preparation and staining in order to 
differentiate adequately between cellulose and pectic compounds. The 
results are given below. 

The experiments have been conducted both on fresh and fixed 
material, and the plants used include young root-tips of Vicia Faba 
and Helianthus anmms, and certain varieties of Galtonia^ Hyacintkus^ &c., 
as well as the parenchymatous tissues of the stems of these plants. The 
tissues were chosen as most likely to contain the constituents of the cell- 
wall in form nearest to that in which they were laid down after cell-division 
had taken place. 

The root-tips were cut off three or four millimetres above the root-cap, 
so as to include that region where dividing cells are to be found, and both 
longitudinal and transverse sections were studied. The young stems used 
were cut also longitudinally and transversely. 

When dealing with fixed material the fixative was chosen with a 
view to producing maximum hydration and minimum oxidation of the 
cellulose, for this condition should produce maximum differentiation in 
double-staining for cellulose and pectin, since oxycellulose resembles pectin 
in its colour reactions more nearly than hydrocellulose. 

Hence a known chemical state of the 'labile aggregate^ ( 1 ) of the 
cellulose was produced, and attempts to deduce the nature of the cellu¬ 
lose occurring in the cell-wall, before fixation took place, were made. 

Could the living cell be killed and fixed under the identical condi¬ 
tions prevailing in life, the solution of the problem would be infinitely 
easier ; but death means chemical change, and this chemical change varies 
In intensity and kind according to the conditions under which death takes 
place.,, 

It must not be forgotten that the mere application of the staining 
reagents used to show the nature 'of the membrane kills in the'majority';0 

lAraials of Botany, Vol. XXXVIII. No. CL. April, 1924.1 
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cases, In dealing with organic compounds, particularly those of an allied 
nature, partial conversion of one type into another is effected easily, and it 
is often difficult to distinguish between these types. 

Ill a study of the cell-wali it is desired to distinguish between cellulose 
and pectic compounds. 

Pectoceliuioses (pectic compounds) differ from cellulose by an increased 
proportion of oxygen ; they are acid in character and are gelatiiiizable. 
They are converted into pectins by dilute mineral acids, and precipitated, 
whereas cellulose is converted either into hydrocellulose (by dilute sulphuric, 
hydrochloric, or phosphoric acid) or ox3mellulose (by dilute nitric, chromic, 
or osmic acid). 

Caustic alkalis, on the other hand, have little action on cellulose, 
whilst pectoceliuioses are dissolved -by them, so that the chemical difter- 
ences between pectic compounds and cellulose are not many, and since 
these substances may consist of pectocellulose (i. e. cellulose + pectin), 
a reagent may dissolve out the pectin and leave the cellulose, giving a false 
idea of the absence of this substance. 

It is evident, when using fixed material, that the choice of a fixative is 
an important matter. As the only means of chemical analysis of tissues 
is by double-staining, care must be taken that the results obtained 
really represent the condition of affairs existing in the untreated cell- 
walls. 

For instance, since pectins are precipitated by acids and dissolved by 
caustic alkalis, any treatment given to the tissues should be acidic rather 
than alkaline in character, otherwise results obtained by double-staining 
will depend upon whether the alkaline treatment has been sufficient to 
remove all the pectin or not. 

Most of the usual fixatives are powerful oxidizing agents, and fre¬ 
quently contain metallic radicals- Chromic acid, for example, is a consti¬ 
tuent of Flemming’s fluid,'and contains the metallic radical chromiimi, and 
although the solutions used are chemically weak, a' certain' proportion 
of the cellulose suffers oxidation, with the ' result that oxyceilulose is 
produced and predominates, so it is useless to attempt double-staining 
for cellulose and pectin, since oxyceilulose will react with many of the 
pectin stains., " 

Even in the living cell we are not dealing with a * cellulose'' cell- 
wall, but with one which consists as well of derivatives of cellulose — 
oxyceilulose or hydrocellulose. Because of the resemblance of oxyceilulose 
to pectin in its staining reactions, it was found best to perform qualitative 
tests upon fresh material, in order to determine whether there was much 
oxyceilulose present. ' .The, results''. of these, tests as applied'to Vicia ' Fahti, 
"(stem' and',' root)', "Heiianthm: (stem),. and Hyacintims (root) arC'' sliO'Wn"' in 
..Table I. 'I 
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Tlie method used was adapted from that of Knaggs (2) for cotton 
fibres. The material Is washed with dilute hydrochloric addj then with 
water, dyed deeply with benzopurpurin, and washed again with acid, when 
a blue colour is produced. It is then washed in water, when that part 
of the cell-wati Avhich is not oxidized becomes red, but the oxidized 
part remains blue-black in colour, the whole having a bluish red appear¬ 
ance. 

The persistence of this colour on washing instead of the reappear¬ 
ance of clear red is evidence of the presence of an amount of oxycellii- 
lose sufficient to affect double-staining appreciably. 

For the detection of oxycelliilose in the presence of hydroceiluiose 
and cellulose, Schwalbe's ( 3 ) method was adopted. Sections are immersed 
in methyl-orange and afterwards in concentrated brine, when oxycellulose 
becorfies a deep red, hydrocellulose and ordinary cellulose remaining 
yellow. . 

In addition to tests on fresh material Table I shows the reactions 
produced after treatment with a number of fixatives, and this serves 
to show the effect of the fixing fluids on the cell-walls of the plants indi¬ 
cated. 

The presence of a metallic radical in the fixative may result in the 
stains not entering into combination with the cellulose or pectin at all, but 
merely reacting with the metallic radical retained by the plant tissue; for 
such a substance enters into chemical reaction with the protoplasm and cell- 
wall, forming compounds which remain after washing. Thus, after the use 
of the common fixative chrom-acetic add, which contains the metal 
chromium, a reaction apparently characteristic of cellulose may be due, 
not to the cellulose, but to a compound of the dye with chromium, the 
material of the cell-wall acting as a vehicle to retain it. This fixative has 
other disadvantages ; the acetic acid converts part of the cellulose into 
cellulose acetate, whether it occurs normally, oxidized, or as hydroceilu¬ 
iose, so no information as to the original state of the membrane is ob¬ 
tained. Besides this, the chromic acid converts part of the cellulose 
into ox3^celliilose. 

In order to distinguish cellulose from pectin, it is desirable to have the 
cellulose as much as possible in the form of hydrocellulose, the hydration 
being controlled, so that the disintegration of the cell-wall that would 
result if it were entirely converted into hydroceiluiose does not occur. 
Accordingly, a large number of fixatives were used, with varying results. 
Among these were hydroxylamine hydrochloride, sulphocyanides, oxalic, 
hydrochloric (one per cent.), and sulphuric (one per cent) acids, and sodium 
:hyposulphite:( 4 ).'':. 

b.' Of these'hydroxylamine hydrochloride proved the most satisfactory^ 
'. while hydrochloric and sulphuric acids did not give good'results. Hydro- 
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xylamine hydrochloride, however, is not suitable for material which has 
to be double-stained, because a little alcohol must be used in order to 
effect solution, and this, as described later, may interfere with the pectin 
stains. The other fixatives mentioned fall between these two classes. 

The method adopted was to cut a section by hand from fresh material, 
and watch under the microscope the action of the fixative upon the cells, 
the section being immersed in the fixative on a hollow slide. 

By way of contrast, hydrogen peroxide and calcium hypochlorite were 
used, the object being to produce oxycellulose ( 5 ). 

In no case was the result satisfactory for staining, and in many 
instances partial disintegration of the cells took place. With hydrogen 
peroxide the shape of the cells was well preserved, but the contents were 
very much disintegrated, and the wall was inclined to react with pectin 
stains, showing that it had been partially converted into oxycellulose. 

Calcium hypochlorite was used to accentuate the pectin, since cal¬ 
cium salts will coagulate pectates, but it was unsatisfactory for the 
cellulose. 

In order to mordant the stain upon the cell-wall, and to combine with 
this, a powerful poison, potassium ferrocyanide, was used. This was fairly 
satisfactory, but it is doubtful whether there is anything to be gained by the 
introduction of the metallic radical. 

Hydrocyanic acid proved satisfactory, but potassium cyanide was not 
suitable. 

Sodium arsenate was found unsuitable for fixation, and apparently 
prevented the cell-wall from absorbing stains. The lack of success with 
sodium and potassium salts is attributed to the presence of these metallic 
radicals, rather than to the remaining portion of the molecules. 

Carbolic acid and cresol were also used, and worked fairly well, 
though each was inclined to disintegrate the cell contents unduly. These 
substances would have little effect upon the cellulose in the cell-wall, 
as they do not react with cellulose in weak solution in the cold. 

In no case did it prove advisable to use any fixative in a concentration 
greater than 5 per cent. ; this should be preferably from a to 4 per cent, 
otherwise most of the fixatives mentioned cause distortion and some dis¬ 
integration of the cell. The general effects of these fixatives on the cellulose 
cell-wall in the plants studied are summarized in Table IL 

It is necessary to avoid alcohol and glycerine when fixed material 
is prepared for staining. Either of these substances will wash out pectin 
stains ( 7 , 8), and should a trace of either remain in the tissue, the result 
of differential staining is without significance. Alcohol is objectionable 
because it is obstinately retained by Gellulose, and is not removable by 
heat( 9 ). ' ■ 

Fresh material'.treated' with'alcohol, however well washed, is Hable 
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Table II. 


Fixatives. 


Fixative. 

Sirengilu 

Effect on CcUidose. 

Effect on Pec tic 
Cotnpotmds. 

Hydroxylamine 

hydrochloride. 

I-8%. 

I'lydro cellulose 
produced in some 
tissues. (See 
Table L) 

Pectin precipi¬ 
tated. 

'9 

Ammonium sul- 
phocyanide. 

2%. 

Plydrocellulose. 

(See Table I.) 

Apparently there 
is little action. 

Hydrochloric 

acid. 

I %. 

Hydrocellulose ( 4 ) 
and oxvcellulose. 
(Table I.) 

Pectin precipi¬ 
tated. 

Sulphuric acid. 

1%. 

Hydrocellulose ( 4 ) 
and oxycellulose. 
(Table I.) 

Pectin precipi¬ 
tated. 

Sodium hypo¬ 
sulphite. 

o o/ 

* /o* 

tlydrocellulose 
and some oxycel- 
iulose. (Table I.) 

Little effect. 

Hydrogen per¬ 
oxide. 

5 c.c, of .10 vol¬ 
umes concen¬ 
tration were di¬ 
luted to 25 c.c. 
with water. 

Oxycellulose ( 5 ). 
(See Table I.) 

No effect. 

Calcium hypo¬ 
chlorite. 

0/ 

2g /o* 

Oxycellulose ( 5 ), 
blit little shown 
to be present by 
Table I. 

Effect on pectic 
compounds was 
masked by oxy¬ 
cellulose. 

Oxalic acid. 

o n /o* 

Hydrocelliilose 
( 3 ) and oxycellii- 
lose. (Table I.) 

Pectin was pre¬ 
cipitated. 

Potassium ferro- 
cyanide. 

0 0/ 

- JO* 

—' 

— 

Hydrocyanic 

acid. 

About 0*5' %. 

Possibly some hy~ 
drocellulose pro¬ 
duced. 

Pectin was pre¬ 
cipitated. 

Potassium cy- 
■ , ankle. 

2%. 

— 

— 

Sodium arsea- 
. ate.' 

.2%. 

Both oxycellulose 
and hydrocellu¬ 
lose produced. 
(Table I.) 


Phenol (Car- 
' bolic acid). 

AO./. 5I. 0/ nO/' 
f /O’‘a ./oj 0/o- 

>» 

' 

. Cresol ' 

' (*'Lysor).' " 

0*5 C.C. of the 
concentrated; 
Lysol diluted 
to loom.c, 

' ■«. ■ 



Results and Retnarks, 

A fairly good fixative, but 
as a little alcohol has to 
be used in order to effect 
solution, dotible-stdiTim^ 
would be uncertain after 
its use. 

A moderately good fixa¬ 
tive ; nuclei show up 
well. 

Not a good fixative for 
the cell as a whole. 


>5 


Staining after this was not 
* clean 

Double ' staining would 
not show up, owing to 
oxycellulose formed. 


Distortion occurs at first, 
but afterwards there is 
some recover}^ from this. 

This was not found suit¬ 
able owing to the dis¬ 
tortion caused. 

No proper double-stain¬ 
ing resulted, so the effect 
could not be traced. 

Apparently good—there 
was little distortion of 
the cells. 

This was not at all satis¬ 
factory. 

This seemed to spoil the 
cell-wall for all staining 
reactions. It was found 
unsuitable. 

A good fixative for the 
cell-wallf hut it .seems 
to destroy protoplasmic 
structures. 

A'' fairly „ satisfactory 
live,' . but''; some:■ ' 

.distortion..A 
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to contain a little, and the temperature (5o°~6o‘^ C.) employed during 
embedding fixed material in paraffin is not sufficient to remove it. Indeed, 
if a sufficiently high temperature were employed (say 100 ° C« or even 
higher) a profound modification of the cellulose would occur. 

Glycerine was found still present in cellulose material after washing 
for three days in running water. The practice in vogue in some laboratories 
(8, 10) of treating tissues with acid alcohol before staining may produce 
misleading results owing to the retained alcohol interfering with the pectin 
stains. 

Where fixed material was embedded In paraffin and cut by means 
of the microtome, alcohol was entirely excluded, the slide to which the 
sections were attached being dried, after immersion in xylol, at about 55° C. 

In staining, water was removed by drying instead of by the use of 
alcohol. 

To demonstrate the presence of pectin in the cell-*wall appropriate 
double stains were used. 

To classify these dyes according to their chemical constitution 
is a somewhat difficult task. Mangin ( 11 ) arranged them according to 
certain complex organic groups ; this classification, though enlightening to 
a chemist, may seem somewhat complicated to others. 

It has been found that a simpler form of chemical classification can be 
adopted, and it is hoped, by this means, to show which chemical groupings 
are really concerned with the absorption of dyes by pectin and cellulose, 
and so to throw further light upon the mechanism of the reactions that 
take place, and hence upon the true nature of the cell-walL 

So far as the present investigatioii goes, the organic stains used for 
this purpose fall into two groups: 

(i) Hydrochlorides of amines (or substituted amines) [—NH^ . Cl 

or —NH2. HCl]- In this group are found all the pectin stains. 

(3) Alkali salts of the disulphonic acids of compounds containing 

one or more azo-groups [—SOoNa and —N = N— groupings]. 

Table III contains a list of most of the staining reagents for cellulose, 
and Table IV those for pectin, all chemical nomenclature and formulae 
being in accordance with the ‘ Colour Index* of the Society of Dyers and 
Colourists ( 12 ). ' 

In many instances the colour reactions cited also serve to distinguish 
the pectin or cellulose from callose, suberin, or lignin. 

For the sake of convenience, in the formulae given, the significant parts 
of the molecules have been separated from the remainder and placed at the 
end regardless of the molecular constitution. 

Pectin, therefore, appears to have an attraction for the amino 
group, while cellulose attracts the'sulphonic acid (—group.;; when it is,, 
in association with one or more azo-groups (—N '= N—),: 

U''. . 
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Table III. 

Dyes staining Cellulose. 

Alkali salts of Bisiilphonic Acids of Compounds containing two Azo-groups. 

Dye» Scicniijic Name, Formula, 

(A) Turn Azo'-grottps and iioo Sulphonic Acid Groups. [(—N = N—)2 and (SOsNajo.] 

Crocein. Sodium salt of benzene-azo-benzene-a- C22H14O—N4(S03Na)2* 

naplithoI-3 :6-disiilphonic acid. 

Congo red. Sodium salt of diphenyl-disazo-bis-a- C32N2—N4(S03Na)2. 

naphthylamine-4-sulplionic acid. 

Congo G. R. Sodium salt of diphenyi“diazoamiiio-;>’z- CogHooNg—N^rSOgNa)^. 

sulpho - benzene - azo - naphthylamine - 4-* 
sulpbonic acid. 

Congo Corinth. Sodium salt of dipheoAd-disazo-i-sulpho- C32H01N.O—N4(S03Na)2. 

a - naphthylamine - a - naphthol - 4 - sul- 
phonic acid. 

Congo Corinth B. Sodium salt of ditolyl-disazo-4-sulplio-a- C34H25S2NO—N4(S03Na)2. 
n aphihylam ine-a-naphthol - 4 - sulphonic 
acid. 

Azo blue» Sodium salt of ditolyl-disazo-bis-a-naph- C34H24O2—N4(S03Na)2. 

thol-4-sulphonic acid. 

Azo violet. Sodium salt of dimethoxydiphenyl-disazo- C34H25NO3—N4(S03Na)2. 

4-siiIpho-a-naphthylamine-a-naphthol- 
4-siilphonic acid. 

Heliotrope. Sodium salt of dimethoxydiphenyl-disazo- , C3gHs4N202'~N4(S08'N'a)2. 

bis-ethyl-j8-naphthylamine -7 - sulphonic 
acid. 

Naphthol black. Sodium salt of /-nitrobenzene-azo-3 : 6-' C22H14N2O3—N4(S03Na)2. 
disiilpho-i-ainino-S - naphthol-azo - ben¬ 
zene. 

Bordeaux extra Sodium salt of diphenyl-disazo-bis-j 3 -naph- €321-120*^2—N4(SOsNa)2. 

(Congo violet). thoi-S-sulphonic acid. ^ " 

Deltapurpurine. Sodium salt of ditolyl-disazo-bis-jS-naph- C34H2GH2—N4(So3Na)2. 

ihylamine-7-sulphonic acid. 

Benzopurpnrine. Sodium salt of ditolyl-disazo-bis-a-naph- C34H20H2—N4(S03Na)2. 

thyIamine-4-salphonic acid. 

Orseilline BE, Sodium salt of _^-sulpho-4S>-toluene-azo-i?- C24H4gO—N4(S03'ISra)2. 

toluene-azo-a-naphthol-4-sulphonicacid. 

Orseille red (Orchil Sodium salt of OT-xylene-azo-z^'r-xylene- C26H22O—N4(SOgNa)2. 
red A). azo-i 3 -naphthol -3 : 6 -disulphonic acid. 

,, (B )' Two Azo-groups and three Sulphonic Acid Groups^ [(—N = N—)2 and (SOgNajg.]' 

Brilliant Congo G. ' 'Sodium salt of diphenyl-disazo-6-siilpho- CS2H21N2—N4(S03Na)3. 

- naphthylamine -h ^ naphlhylamine- 
3 : d-disulphonic acid. 

'■ {C^ :0 m. Azo-group and two Sulphonic Acid Grotips^ , [(—N-N—and (SGgNa)^.] 

;'Ponceaux. , Sodium' salt of'toluene-azo-j8maphthol- 'Ci7Hi2Q—“N2(S'03Na)2y„'. 

. 3':'6-disiilphomc acid.'''■ . A;'"'', (V;':' 

Sodium' salt of 4-sulpho-a-naphthalene- C2oH420-----N2(S'03Na)2'CA' 
azo-a-naphthol-4-sulphonic acid. 


Azo-rubine. 
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Table IV. 


Dyes staining Pcctic Compounds. 

Hydrochlorides of Amines. 


Dye, 

Scientific Name. 

Formula. 

(A) Containing 

' one Amino Group in the Molecule. 

and Cl or HCL] 

Chrysoidine, 

Hydrochloride of benzene-azo-;;2-pheiiy- 
lenediamine or ;/?-di-aminoazo-benzene. 

C12H10N2—(NH2)HCL 

Auraniine. 

Hydrochloride of tetramethyl-diamino* 
diphenyl ketonimine. 

C„H 2 oNo~(NH)HC 1 . 

Magdala red. 

Mixture of amino-naphthyl-dinaphtha- 
zonium chloride and diamino-naphthyl- 
dinaphthazonium chloride. 

CgoHigN^—NHo—Cl. 

Nentral blue. 

Dimethylamino - phenyl - naphtho - phena- 
zonium chloride or diinethyl-f.ri?-rosiii- 
duline chloride. 

C22H14N2—N(CH3)2-^C1. 

Naphthalene bine. 

Dimethylamino - naphtho - phenazoxonium 
chloride, or its zinc double chloride. 

CieHoNO—N(CH3)2—Cl. 

(B) Containing 

two Amino Groups in the Molecule. 

[—(NH2)2 and Cl or HCL] 

Phenosafranin. 

Diamido-phenyl-diphenazonium chloride. 

Ci8H„.N2-(NH2)2-C1. 

Safranin. 

Mixture of diamino-phenyl-ditolazoniiim 
chloride and diamino-^-tolyl-ditoia- 
zonium chloride. 

C2^Hj3.N2-(NH2)2"-CL 

C2iH„.N2-~(NH2)2-~CL 

Nile bine 2 B. 

Diethylamino - benzylamino«naphtho-phe- 
noxonium. chloride. 

CieHgNO-NHCCHo.CeH^). ; 

Rosolane (Man- 
veine). 

Mainly amino-phenyl-amino-/-tolyl-dito- 
lazonium sulphate, together with lower 
homologiies. 

C27H22 • Ns—NH. NH2—(SO^)!. 

Methylene blue. 

Tetramethyl - diamino - diphenazthionium 
chloride. 

CiaHflN. S-[N(CH3)2]2CL 

(C) Containing three Amino Grotips in the Molecule^ 

and Cl or HCL] 

M ethyl violet. 

Mixture of the hydrochlorides of the more 
highly oxidized methylated pararosani- 
lines, containing principally tetra, penta, 
and hexamethyi derivatives. 

Ci 9 Hi 2 —NH(CH 3 )[N;:CH 3 ) 2 ]n^^ 

Hoffmann’s violet. 

A mixture of methylated or ethylated 
rosanilines and pararosanilines of vary¬ 
ing composition. 

C 2 oHh-[NH.(C 2 H 5 )] 3 CL 

Fnchsin (and many 
of its derivations, 
i e. Anrine). 

Mixture of pararosaniline and rosaniline 
hydrochlorides. 

C2oHh-(NH2)8 cl 

Victoria blue. 

Hydrochloride of tetramethyl - phenyl- 
triamino-diphenyl - a - naphthyl - carbinol 
anhydride. 

■Q7Hi9~-NH.[N(CH8)o],CL' , ' 

Night blue. 

Hydrochloride of tetraraethyl-^-tolyltri- 
amino-diphenyl-a-naphthyl-carbinol an¬ 
hydride. 

' CsiHai—N . H'. [N(C 2 H 5 ) 2 l 2 C].'' 

' (Z)), Containing four. Amino Groups in the Molecule, ' ■' 

[-.(NHa)^ and Cl or;HCL.,l V;'' 

Bismarck brown* ■ ;. 

Hydrochloride of benzene-«i-disa2o-bis- 

' Cx8H,oN,~(NH2)2(NH,2 . 


phenelene-diamme*. 

, U % 
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Maiigin ( 11 ) records that cellulose is stained more deeply the greater 
the sulphonation. Green and Saunders ( 14 ) state: 'Since the discovery of 
the alkali and soluble blues by Nicholson in 18625 the almost exclusive 
method of conferring solubility and acid dyeing properties upon synthetic 
colouring matters has been by sulphonation, that is, by the introduction of 
sulphonic acid groups (—HSOo) into the hydrocarbon nucleus^ 

There are one or two comments to be made upon Tables III and IV. 

Ponceaux and azo-rubine are stated by Mangin ( 11 ) to stain cellulose, 
but only contain one azo-group. However, the disulphonic acid groiips 
appear to compensate for this. Rosolane, a pectin stain ( 11 ), is not a 
hydrochloride, but contains a | (SO4) group. If there is any ‘damping" 
effect due to this it seems to be overcome by the presence of the two 
amino groups. 

In these experiments methylene blue was found a somewhat uncertain 
stain with which to work. This may be due to the presence in the 
molecule of a sulphur atom which does not occur in any of the other 
pectin stains. 

Sulphur has been shown by Knecht and Thompson ( 15 ) to become 
fixed on the cotton fibre, from which it is not removable by washing with 
boiling water or alkali. 

Sulphuric-acid-treated cotton contains fixed sulphur, and little if any 
oxycellulose. 

This points to sulphuric acid being an unsuitable fixative for the pur¬ 
pose of this investigation. 

It would be interesting to discover whether the presence of sulphur 
in the methylene blue molecule is, in the process of staining,'capable of 
being fixed in any way upon the cellulose, and so cause varying results. 

Working upon these lines it has been found best to attempt to produce 
a certain amount of ‘ hydroceiliilose ’ when fixing, as this form of cellulose 
; works better in double-staining. 

Evidently*the good staining results of other investigators (8, 10) after 
. the use of acid alcohol (hydrochloric acid i part, and 4' to 5 parts of 
, alcohol) were' due to the formation of hydrocelliilos'e, but, as pointed out 
' alread}^, no certainty of,results with pectin stains could be relied upon after 
the use of this reagent. 

^ The reliability of ruthenium red (6, 7 , 8) as a stain for pectin 
'■ depends upon its inability to be washed out by either glycerine or alcohol. 
Being an inorganic dye, this cannot be placed in the same category 'as ■ 
the'others. 

Tables V and VI give a resume of some of the' results obtained with 
' freehand sections and' with material embedded in paraffin. The,,''sections' 
■' ''were, in the majority of cases, longitudinal ones, and'the results recorded 
, refer to tissues with cellulose cell-walls'. It, is from the ■'results "given (in 
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Table V. 


Fixation and Staining of Helianthus animus Stem {Freehand Sections'). 

Stains ttsed^ 


Fixative^ 

Hydroxyl- 

amine 

hydro¬ 

chloride. 

Ammo¬ 

nium 

sulpho- 

cyanide. 

Hydro¬ 

chloric 

acid. 

Sulphuric 

acid. 


Sodium 

hypo¬ 

sulphite. 


Hydrogen 

peroxide. 

Calcium 

hypo¬ 

chlorite. 


Oxalic 

acid. 


Potassium 

ferro- 

cyanide. 

Hydro¬ 

cyanic 

acid. 

".Potassium 

cyanide. 


Sodium 

arsenate. 

Phenol. 


Time Cell Dis~ Cell- 
Fixing. tortion. wall. 
15 mins. None— Became 

slight thinner, 

general ' lined \ 

shrinkage, and em¬ 

phasized. 

a mins. Slight. Slightly 

* lined h 


5 mins. Slight. 

Tendency 

towards 

disinte¬ 

gration. 

5 mins. Slight. 

Tendency 

towards 

disinte¬ 

gration. 

10 mins. Slight. 

Became 

Lumen not 

slightly 
‘lined’ 
and out¬ 
line ir¬ 
regular. 

decreased. 

2“3 mins. None. 

Empha¬ 
sized at 
once. 

2-3 mins. Fair 

‘ Lined ’ 

amount of 

and 

distortion. 

slightly 

Lumen 

disinte¬ 

con¬ 

tracted. 

grated. 

10 mins. Distorted. 

Not 

swollen or 
broken. 

2-3 mins. Slight. 

No * lin¬ 

Lumen not 

ing’. Pith 

decreased. 

cells dis¬ 
integrated. 

2-3 mins. None. 

Un¬ 

affected, 

2 "3 mins. Slight. 

Softened 
and out¬ 
line ir¬ 
regular. 

2-3' mins. ■ Slight. , 

Became 

Lumen 

much 

■■; decreased. ’ 

' thinner. 

Amins. None.,' 

Un- , 
affected. 


Proto¬ 
plasm. 
Not con¬ 
tracted 
or precipi¬ 
tated. 

For Cellu¬ 
lose. 
Crocein, 

For 

Pectin^ 

Nuclei 

especially 

clear. 

Crocein. 

Methyl 

violet. 

Hardly 

affected. 

Crocein. 

Methyl 

violet. 

Hardly 

affected. 

Crocein. 

Methyl 

violet. 

Nuclei 

swelled 

up. 

Benzo¬ 

purpurin. 

Methylene 

blue. 

Greatly 

affected. 

Crocein. 

Methyl 

violet. 

Precipi¬ 
tated. 
Granules 
driven to 
the sides 
of the 

Crocein. 

Methylene 

blue. 

cell. 
Precipi¬ 
tated and 
collected 
at sides 
of cell. 
Slightly 
con¬ 
tracted. 

Orseille 

red. 

Benzo¬ 

purpurin. 

Methyl 

violet. 

Methylene 

blue* 

Slightly 

con¬ 

tracted. 

Orseille 

red. 

Methyl 

violet. 

Precipi¬ 

tated. 

Crocein. 

Methyl 

violet. 

Slightly 

affected. 

Crocein. 

Methyl 

violet. 

Unduly 

affect^ 

andpre- 

Crocein. 

Methyl 
violet., 


Effecf ofSlaining. 

Ceil-walls absorbed 
the stain more read¬ 
ily than unfixed ones. 


Cell-walls only slight¬ 
ly stained yellow 
with crocein. 


Only slight staining 
of the cell-wall with 
crocein. 

Only faint staining of 
the cell-wall with 
crocein. 

The whole section 
stained reddish pur¬ 
ple. 


No staining with cro¬ 
cein. 

Crocein is not ab¬ 
sorbed well. 


Orseille red did not 
stain well. Nuclei 
were purple. 


Benzopurpurin was 
only slightly ab¬ 
sorbed. 

Methyl violet was not 
absorbed at all. 


Neither stain was ab-, 
sorbed properly. 


Neither ■ stain was' ab¬ 
sorbed properly, ■ 

'Very ' slight ' yellow' 
■■''' colour " in cell-walls. 
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Table V— [continued). 

Fixing and Staining of Heiiantkus annuus Stem [Freehand Sections). 

Stains used. 


Fixative, 

Time 

Fixing, 

Cell F is- 
tort ion. 

Cell- 

walL 

Proto¬ 

plasm. 

For Cellu¬ 
lose. 

For 

Pectin. 

Effect of Staining. 

Phenol 

3 mins. 

None, 

Un¬ 

Nuclei 

Crocein. 

Methyl 

Cell-walls take cro¬ 

and acetic 



affected. 

became 


violet. 

cein faintly, but 

acid. 




very 



better than unfixed 





distinct. 



material. 

CresoL 

5 mins. 

Slight. 

Un¬ 

Slightly 

Crocein. 

Methyl 

Staining very poor. 




affected. 

precipi¬ 

tated. 


violet. 

Nuclei purple. 

Chrom- 

3 mins. 

None. 

Thinner 

Not con¬ 

Benzo- 

Methylene 

All cells were pur¬ 

acetic 


Lumen 

and 

tracted. 

purpurin. 

blue. 

plish in colour. 

(mediam 


of cells 

^ lined", 





strength). 


decreased. 







Unless othenvise stated, cellulose and pectin were stained by the appropriate dye. 


Table Via. 

* 

Fixation and Staining of Vida Faba {Root Apex) Embedded Material 


Fixative, 

Time 

Fix¬ 

ing. 

Treatment 

before 

Staining. 

Celt Dis¬ 
tortion. 

Cell- 

xmlL 

Phenol 

6 lirs. 

— 

Marked. 

Broken up. 

10 %. 

warm. 

Acid 

alcohol 

24 hrs. 

11 

?j 

?> 



7^% 

sulphuric 

acid 


77 



(5 mins.). 
Saturated 


Cells 



ammo¬ 

separated 



nium o.xa- 


from one 



late24hrs. 


another* 



Alcoholic 
potash 
■34 hrs. 

jj 

Broken up. 

Sodium' 

ni 

__ 

' ft 

Broken in 

arsenate 

10%. 

lirs. 



.places. 


staining. 


Proto¬ 

plasm. 

For Cellu¬ 
lose. 

For 

pectin. 

Staining 

Effects. 

Con¬ 

tracted, 

Naphthol 

black. 

}} 

Pheno- 

safranin. 

)) 

Poor. 
Fixative 
is too 
concen¬ 
trated. 

fi 

J7 

Crocein. 

Victoria 

blue. 

Little 

crocein 

showing. 

>J 

j? 

j) 

>» 

Nuclei 
blue. , 

Slightly 

con¬ 

tracted. 

Azo blue. 

Fuchsin. 

No 

double- 

staining. 

Con¬ 

tracted. 

Congo red. 

Victoria 

blue. 

No blue 
showing. 

Peculiarly 

con¬ 

tracted. 

Naphthol 

black. 

Pheno- 

safranin. 

' Pheno- 
safranin 
. alone 
sliowingj 
nuclei 
swollen 
and very 
dark. 
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Table VI a — [continued). 

Fixation and Staining of Vicia Faha {Root Apex) Embedded Material. 


Time 

Fixative. Fix- 

Potassium 24 hrs, 
cvanide 

10 %• 




'Potassinm ' ■ 
ferro-' ' ' hrs. 

cyanide. 


Stammg-. 


Treatment 

before 

Stainmg. 

Cell Die- 

Cell- 

Proto- 

r 

For Celhi- 

For 

Staining 

tor lion. 

wall. 

plasm. 

lose. 

Pectin, 

Effects. 

— 

Slight. 

Sometimes 

broken. 

Con¬ 

tracted. 

Orseille 

red. 

Victoria 

blue. 

Very little 
colour. 


jj 


J! 

Azo blue 
(clove oil). 

Fuchsin. 

Cell-walls 

blue, 

contents 

purple. 


j} 

» 

Peculiarly 
contracted, 
but nucleus 
very dis¬ 
tinct. 

Naphthol 

black. 


Purple- 
brown all 
over. 

Concen¬ 
trated 
acetic acid 

2 mins. 

» 

>» 

>> 

J5 

j? 


Acetic 

alcohol 

24 hrs. 

Marked. 

Disinte¬ 

grated. 

Disinte¬ 

grated, 

Azo blue. 

Bismarck 

brown. 

No 

double- 

staining. 

Alcoholic 

potash 

16 hrs. 

j? 

Broken 
in many 
cases. 

Con¬ 

tracted. 

Congo red. 

Methyl 

violet. 

Walls, vio¬ 
let, con¬ 
tents red¬ 
dish. ' 

- 


Broken 
in some 
cases. 

Disinte¬ 

grated. 

Azo blue. 

Pheno- 

safranin. 

Indecisive. 

Alcoholic 
potash 
(a few 
mins.). 






Clearer 
than the 
above. 


5, 


Con¬ 

tracted. 

Naphthol 

black. 

Bismarck 

brown. 

No proper 
double- 
staining, 
but some 
black' 
shows in 
the walls 
in afew^ 
cases. ■ ■ 

Alcoholic 

potash. 






' ' j> 

Acid 

alcohol 

34 hrs. 


Broken up. 


Crocein. 

Victoria 

blue. 

The whole 
section ' 
wasapak;' 
■yellow'''' ■ 
colour. ■ 


Much. ' " 

Very little. 

Precipi¬ 
tated, but 
not con¬ 
tracted. 

Azo blue* 

Pheno- 
safranin. . 

Very, deep 
staining, 
and only 
blue 

;. lowing. 
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Table VI 


Fixation and Staining of Vida Faba (Root Apex) Embedded Material. 

Staining,. 


Fixative^ 

Tims 

Treatment 

Ceil I) is- 

Cell- 

Proto¬ 

For Cellu 

For 

Staining 

FLx- 

ing. 

before 

Staining^ 

tortioiu 

wall 

plasm, 

lose. 

Pectin, 

Effects. 

Phenol 

3 hrs. 


Marked. 

Cells 

Slightly 

Crocein. 

Fiichsin. 

Wdiole 

6 %• 



separated 

contracted. 



section 





from one 




reddish 





another. 




yellow. 



— 

None. 

Little 

Con¬ 

Naphthol 

jj 

Cell-walls 





affected. 

tracted. 

black. 


black, 

contents 

red. 



_ 

Slight. 

Unbroken. 

Disinte¬ 


Fheno- 

No proper 





grated, 


safranin. 

double- 

staining. 




Acid 

alcohol 

Marked, 

Broken up. 

}) 

jj 

}) 




24 hrs. 





e 




72 ' 5 % 

jj 


>} 

Azo blue. 

Fuchsin. 

No clear 


* 

stilphnric 





double- 



acid 






staining. 



20 secs. 









Alcoholic 

5> 

55 

j j 

Congo red. 

Victoria 

Whole ' 



potash 




blue. 

section 



24 hrs. 






red only. 



Acetic 

5J 


j> 

Naphthol 

_ 

Whole 



alcohol 




black. 


section 



24 hrs. 






took the 
stain fair¬ 
ly well. 

Hydro¬ 

4 hrs. 

— 

— 

Outline 

Often con¬ 

Crocein. 

Methylene 

Cell-walls 

cyanic acid 



slightly 

tracted. 


bine. 

blue; 

5 %. 




wavy. 




contents 

very 









deeply 

stained. 



— 

— 

j? 

JS 

Naphthol 

Pheno- 

Red gener- 







black. 

safranin. 

ally; 

nuclei 









dark pur¬ 
ple. 

Potassium 

2 his. 

Acid 

Little or 

Thick- 

Con¬ 

55 


All red ; 

cyanide 


alcohol 

none. 

ened. 

tracted. 



some¬ 

2%v 


24 hrs. 






times a 
black line 
in the 
cell-wall. 




Slight. 

Sometimes 

Peculiarly 

Benzo- 

Victoria 

Cells red 




broken 

contracted. 

purpurin. 

blue. 

and blue 





and 



in ' - 



Acid 


thickened. 




patches. 



None, 

Slightly 

Con¬ 

Crocein. 

Methylene 

Cell-walls 



'■alcohol 


thickened. 

tracted. 


blue. 

purplish ' 



: 24, hrs. 






."red'; 'pro* 

' 'toplasm;'''' 









..■andnu-''',' 

',„c!ei blue.;'' 
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Table VI b {continued). 

Fixation and Staining of Vida Faba {Root Apex) Embedded Material. 


Staining. 


Fixative. 

Time 

Fix¬ 

ing. 

Treatment 

before 

Staining. 

Celt Dis¬ 
tortion. 

Celt- 

wall. 

Proto¬ 

plasm. 

For Cellu¬ 
lose, 

For 

Pectin. 

Staining 

Egecisl 

Potassium 

2 hrs. 

Acid 

Slight. 

Brittle. 

Contracted 

Naphthol 

Pheno- 

Red gener¬ 

ferro- 


alcobol 



in some 

black. 

safranin. 

ally ; 

cyanide 


34 hrs. 



parts. 



nuclei 


3 %. black 

in some 


Ammo- i|-lirs. 

nium 

sulpho- 

cyanide 

4 %- 


S5 

Attenu¬ 

ated. 

Contracted 
and pre¬ 
cipitated. 

5? 

Fuchsin. 

cases. 

Whole 
section 
purplish, 
except 
root-cap, 
which 
was pink. 



J3 

Slightly 

wavy. 

Con¬ 

tracted. 

Benzo- 

purpurin 

Victoria 

blue. 

Cell-walls 
blue; nu¬ 
clei red. 

Calcium 4 hrs. 

— 

Very 

Only 

Sometimes 

Naphthol 

Pheno- 

Most cell- 

hypo¬ 

chlorite 

4 %. 


slight 

slightly 

affected. 

con¬ 

tracted. 

black. 

safranin. 

walls red, 
but a few 
black; 
nuclei 
black. 



Slight. 

jj 

Spread out 
in the cell 

Benzo- 

pUTpurin. 

Victoria 

blue. 

Stained in 
patches 
red or 


blue; 
cell-walls 
some¬ 
times red, 
some¬ 
times 
blue ; 
proto¬ 
plasm 
some-, 
times 
blue. ' 


Sodium 2 hrs. 

hypo¬ 
sulphite 



Little 

affected. 

Very 

granular. 

Naphthol 

black. 

Pheno- 

safranin. 

Very heavy 
staining; 
staining, 
was not ;; 
bcleank. 



Slight. 

Attenu¬ 

ated. 

Granular; 
not con¬ 
tracted. 

Azo blue. 

' 3? 

: Stained 
, immedi-' 

' ately very 
deeply; 
blue line 
where-'', 
cells 

■divide.,' ' 
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Table VI ^ {continued). 

Fixation and Staining of Vida Faha (Root Apex) Embedded Material 


Stainmv^ 



Tifue Treatment 

Cell DiS’ Cell- 

Proto¬ 

For Cellu- For 

FLutiive, 

Fix^ before 

ing. Staining^ 

tort ion, wall. 

plasm, 

lose. Pectin, 

Hydroxyl- 

i| hrs. — 

— Little 

Con¬ 

Azo blue. Pheno- 

amine 


affected. 

tracted, 

safranin. 


li3'dro- 
chloride 
j-S %. 


Benzo- 

purpurin. 


Victoria 

blue. 


Hydro¬ 
chloric 
acid I 


40 

mins. 


Marked. 


Attenu¬ 
ated and 
broken 
down in 
many 
cases. 


Naphthol Pheno- 
black. safranin. 


Acid 

fuchsin. 


S^adJiino' 

Effects, 

No blue 
except 
in the 
growing 
region, 
where 
there is 
a patch 
of cells 
all blue. 
Cell-walls 
blue; 
proto¬ 
plasm 
and nu¬ 
clei red. 
Cell-walls 
red, in 
some 
cases ' 
traversed 
byablask 
line. 
Walls 
black; nu¬ 
clei pur¬ 
ple except 
a patch 
of cells 
just above 
root-cap, 
which are 
all pur- 
ple. 


Table VI c. 

Fixatim and Staining of HeliantJms anmms {Root Apex) Emhedded 

Material 

Staining, 

_ A _ 

i \ 


Fixative,... 

Time 

Fix¬ 

ing, 

Treatment 

before 

Staining, 

Cell Dis¬ 
tortion. 

Cell- 

ivalL 

Proto¬ 

plasm. 

For Cellu¬ 
lose, 

For 

. Pectin, 

Staining 

Effects, 

Phenol', 

,4 hrs.; 

— '■ 

Marked, . 

Much 

Disinte¬ 

Crocein. 

Victoria 

, Cells all' 

3%. 




broken 
in outer 
layers. 

grated. 


blue. 

blue. 




yt 


j j 

' Naphthol 

Pheno- 

Cells, all 







black. 

safranin.' 

; red,'": 

Plydro-, 

5 Jits. 


Very little. 

Ribbon-' 

Con¬ 

Azo blue. 


'Stele red; 

cyanic .acid' 


like and 

tracted. 



'outer ■ 





sometimes 




...players;' .■. 




broken. 




of cortex 

',;.blue.;''' 
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Table VI c Continued). 

Fixation and Staining of Helianthiis annmis {Root Apex) Embedded Material. 


Staining. 


Hydro¬ 
cyanic acid 

2 %. 

Hydro¬ 
cyanic acid 


Ammo¬ 

nium 

siilpho- 

cyanide 

a%. 


Calcium 

hypo» 

chlorite 

2 - 5 %. 


Sodium 

hypo¬ 

sulphite 

2%. ■■ 


amine 

hydro¬ 

chloride 

i-S%. 


Time 

Fix- 

ing* 

Treatmmt 

before 

Staining, 

Cell Dis¬ 
tortion. 

Cell- 

7 oail. 

ProlO' 

plasm. 

For Cellu- For 
lose* Pectin, 

Siainiug 

Effects. 

Shrs. 


Very little. 

Ribbon- 
like and 
sometimes 
broken. 

Con¬ 

tracted. 

Naphthol 

black. 

Pheno- 

safranin. 

All cells 
red. 

4 hrs. 


Slight. 

Slightly 

affected. 

Precipi¬ 
tated and 
spread 
through 
sections. 


jj 

Very deep 
redj little 
black ex¬ 
cept in 
a few cell- 
walls. 


Acid 

alcohol 

24 hrs. 

Little. 

Little 

altered. 

Slightly 

contracted. 

» 

*5 

Only 
naphthol 
black 
shelving ; 
very 
heavy 
staining. 

4 hrs. 



Un¬ 

affected. 

Con¬ 

tracted, 

Benzo- 

purpurin. 

1 

Victoria 

blue. 

Mainly 
bine, but 
patchy. 


— 

— 

Ribbon¬ 

like. 

Slightly 

contracted. 

Crocein. 

Methylene 

blue. 

All blue. 

4'2' hrs. 



Seldom 

broken. 

Partially 

contracted. 



Only 

crocein 

showing. 



A fair 
amount. 

Ribbon¬ 
like; often 
broken. 

Contracted 
and pre¬ 
cipitated. 

Azo blue. 

Pheno- 

safranin. 

Fairly 
evenly 
blue and 
red; 
patch of 
red near 
root-cap. 

4 hrs. 


Slight. 

Thickened 
and rib¬ 
bon-like. 

Granular 
and con¬ 
tracted. 

Benzo- 

purpurin. 

Methylene 

blue. 

Xylem and 
scieren- 
chyma 
deep ■ 
blue; , 
paren-' 
chyma,.. 
puTple. 

4 hrs. 



Little 

affected. 

Con¬ 

tracted. 

n 

Victoria 

blue. 

Cell-walls 
blue; 
contents 
'red." ; 


•** 

Somewhat 

■distorted, 

Often 

broken 

down. 

Often con¬ 
tracted ; 
sometimes 
disinte- 

Naphthol 

black. 

Pheno- 
, safranin. 

■Allred;' '' 
black'' 

:lines''m ,'■<■/ 

xell-walls' 


grated. 


/and nu-:', 
'clei, very'".' 
-dark*':"' 
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Wood,~Contribiitioiis to an Investigation of the 


Table VI ^ icontimied). 


Fixation and Staining of Heliantims ammus {Root Apex) Embedded 

MateriaL 


Time 

Fixative. Fix- 
ing. 

Hydro- i6| 

chloric Ills, 

acid I %. 


Sodium 4 lirs. 
arsenate 


Staming. 


Treatment 

befo 7 'e 

Staining. 

Ceil Dis¬ 

Cell- 

Froto- For Celiu- 

For 

Staining 

tortion. 

wall. 

plasm, lose. 

Pectin. 

Effects. 


Qiieerly 

distorted. 

Often 

broken. 

Precipi- Benzo* 

tated as purpurin. 

a solid 
mass. 

Victoria 

blue. 

Cell-wall 
blue in 
places; 
contents 
yellow. 


Marked, 

Much 
broken in 
outer 
layers. 

Disinte- Azo blue, 

grated. 

Pheno- 

safranin. 

Ail very 
deep blue. 


Somewhat 

distorted. 

Little 
affected; 
sometimes 
broken. 

Often con- Benzo- 
tracted and purpurin. 
precipi¬ 
tated. 

Methylene 

blue. 

Patches of 
blue and 
red, cell- 
walls and 
contents. 



Unaffected Slightly Crocein, 

in some contracted, 

parts; dis« 
appeared 
in others. 

Table VI d. 


Blue; 
outer 
layers of 
root-cap 
red; nu¬ 
clei dark 
blue. 


Fixation and Staining of Hyacintkus [Root Apex) Embedded MateriaL 

. Staining. 


Fixative. 

Time 

Fix¬ 

ing. 

Treatment 

before 

Staining. 

Cell Dis¬ 
tortion. 

Cell- 

wall. 

Proto¬ 

plasm. 

For Cellu¬ 
lose. 

For 

Pectin. 

Staining 

Effects. 

Phenol 

13 lirs. 


Marked. 

Broken up. 

Con¬ 

Benzo- 

Victoria 

Uneven ; 

5 %. 


Slight. 

tracted. 

purpurin. 

blue. 

mostly 
blue, 
little red 
showing. 







— 

Sometimes 

j) 

Naphthol 

Plieno- 

All red. 





broken. 


black. 

safranin. 


Lysol 

13 lirs. 

— 

Marked. 

Broken 

Granular 

Azo blue. 

5J 

All pur¬ 





in many 

and driven 



plish and 





cases. 

to sides of 



obscured 

Hydro¬ 

5 hrs. 




cell. 



by proto¬ 
plasm. 

— 

— 

Unbroken. 

Con¬ 

Naphthol 

) 

Alireddish 

cyanic 





tracted. 

black. 


black. 

acid 5, %„ 


— 

— 


jj 

Benzo- 

Victoria 

Cell-walls 







purpurin. 

•blue. 

blue; nu¬ 

Potassium 








clei, and 
often pro¬ 
toplasm, 
red. ' 

4:hrs. 

"' Acid ■ 

:Slight. 

Some cell- 

Much dis¬ 

Naphthol 

Pheno-, 

:No 

;ferro- 


alcohol' 

walls 

integrated. 

black. 

safranin.: 

' Mouble-' 

cyanide ■ ■ 


24 hrs. 


broken up, 




5 % 




others 




.very: 





whole. 




dark. 
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Table VI (continued). 

Fixation and Staining of Hyacinihns (Root Apex) Embedded MateriaL 


Staining. 


Fixative, 

Time Treatment- 
Fix- before 

hig, Stainmg, 

Cell Dis- 
iortion. 

Cell- 

wall. 

P 7 - 0 t 0 - 

pasm. 

r-^ 

For Cellu¬ 
lose. 

1 

For 

Pectin. 

Staining 
Ffects. . 

PotassiiiiTi 

4 lirs. — 

Slight. 

Some 

Much dis¬ 

Azo blue. 

Pheno- 

No,, 

ferro- 



cell-walls 

integrated. 


safranin. 

double- 

evanide 



broken. 




staining. 

5'%- 

Acid 



•ii 

Crocein. 

Methylene 

Nearly all 


alcohol 





blue. 

blue, but 


24 hrs. 






some 







double- 

staining. 


Ammo¬ 

4+- lira. — 

Marked, 

Broken 

Disinte¬ 

Naplithol 

Methyl 

All pur¬ 

nium 


in many 

grated , 

black. 

violet. 

ple ; nu¬ 

siiipho- 



cases. 

but not 



clei very 

cyanide 




con¬ 



dark and 





tracted. 



swollen. 

— 

,, 

Often 

Disinte¬ 

Benzo- 

Victoria 

Walls and 




twisted . 

grated. 

piirpiirin. 

blue. 

contents 




and 




vary from 




broken. 




red to 
blue. 

Calcium 

2-J hrs. — 

— 

Unbroken. 

Slightly 

jj 


Walls 

hypo¬ 




con¬ 



blue; 

chlorite 




tracted. 



contents 

2.5%. 


Very 

Broken 

Con¬ 

Crocein. 

Methylene 

red. 

Indefinite. 



marked. 

and 

thickened. 

tracted. 


blue. 



— 

Slight. 

Seldom 

Sometimes 

Naplithol 

Pheno- 

All red 



broken. 

contracted. 

black. 

safranin. 

except a 
black 




« 





line in 
cell- 
walls ; 
nuclei al¬ 
most 
black. 

Hydroxyl- 

. i|hrs. — 

Marked. 

Broken 

Con¬ 

5 } 


Allred. 

amine 

hydro¬ 

chloride 

I.S%. 



and 

thickened. 

tracted. 




— 

Decided. 

Often 

j? 

Crocein. 

Methylene 

All blue. 




broken. 


blue. 


Sodium 

13 his. — 

— 

Un¬ 


Azo blue. 

Pheno- 

Stained 

arsenate 


affected. 



safranin. 

badly 

5 %• 







with 

much 








precipi¬ 
tation .of 








stains; 
nucleus 
red in 
centre ■ 
and blue' 
outside. 

>* 

13 hrs. Acid ■ 

— . . 


Peculiarly 


''' j? 

Staining 


alcohol 


swollen. 



very pale; 


24 hrs. 






;' ■■cell-walls, 

, blue,con-' 
tents'', 

' yellow.'' 
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Table VI 

Fixation and Staining of Galtonia {Root Apex) Embedded MateriaL 


Staining, 


Fixative, 

Thm Treatment 
Fix- before 

htg. Staining, 

Ceil Dis¬ 
tortion, 

Cell- 

walL 

Proto¬ 

plasm, 

For Cellu¬ 
lose, 

For 

Pectin, 

Staining 

Effects, 

Phenol 

2|lir3. — 

Slight 

Often 

Not con¬ 

Benzo- 

Bismarck 

All brown 




separated. 

tracted. 

purpurin. 

brown. 

except 

pericycle. 


— 


Cells 


Naphthol 

Pheno- 

All red. 




separated. 


black. 

safranin. 



but cell- 
wall not 
broken 
down. 


Phenol 

I % and 

acetic 

acid. 

I hr. — 

5 ? 

Much 
broken in 
places. 

Slightly 

con¬ 

tracted. 

Azo blue. 

?» 

Cell-walls 
dark 
blue; 
contents 
red. 



JJ 

Badly- 

broken. 

57 

Naphthol 

black. 

JS 

No 

double- 

staining. 


Acid 

alcohol 

24 hrs. 

Marked, 

Slightly 
broken 
in some 
cases. 

jj 

Benzo- 

purpiirin. 

Methylene 

blue. 

Walls blu¬ 
ish black; 
contents ' 
dark 


red; root- 
cap blue; 
part 
above 
root-cap 
often un¬ 
stained. 




jj 

Badly 

Con¬ 

Crocein. 

5 ; 

Nearly ali 




broken 

tracted in 



red; nu 




in places. 

unbroken 



clei 




cells. 



some¬ 

times 

blue. 






Broken 

Disinte¬ 

Benzo- 

Methyl 

All violet. 

Phenol' 



up. 

grated, 

purpurin. 

violet. 


. 2 i hrs. , -- 

7J' 

Often 

Con¬ 

Naphthol 

Pheno- 

All black, 

■ 3 %. 



broken 
and pecu¬ 
liarly 

tracted. 

black. 

safranin. 

except 
for a red 







line in 




* lined ^ 




. some ' 
cell- 








walls. 


— 

7! 

Com¬ 

Disinte¬ 

Benzo- 

Methylene 

Very 




pletely 

grated, 

purpurin. 

blue. 

much 




broken up. 




over¬ 

Phenol ■ . 






stained 

blue. 


2|hrs. ' —- 


Broken up 


Naphthol 

Pheno- 

Too over- 

' 3 % and " 



black- 

safranin. , 

stained 

acetic ■' ' ■ 







to see 

add-'A'; ' 



Com¬ 

Con¬ 

Benzo- 

Methylene 

colour* 

Allred. 




pletely 
broken up. 

tracted. 

purpurin* 

blue, • 
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Table VI e {continued). 

Fixation and Staining of Galtonia {Root Apex) Embedded Material. 


Fixative, 

Hydro- 
cyanic 
acid 0.5 %. 


Potassium 

cvanide 

2'%. 


Potassium 
ferro- 
cyanide 
n %. and 
hydro¬ 
chloric 
acid. 


Ammo¬ 

nium 

siilpho- 

cyanide 

f%- 


I' Calcium 
hypo¬ 
chlorite 
2.5 


Hydro¬ 
chloric 
acid 'I %. 


Staining, 


Time 

Treatment 

befo 7 ‘e 

Staining^ 

Cell Dis- 

Cell- 

Proto¬ 

For Cellu¬ 

For 

Staining 

Fix¬ 

ing. 

tortion. 

ivall. 

plasm, 

lose, 

Pectin, 

Effects, 

3 hrs, 

5 ^ 

mins. 


Marked. 

Broken 
down in 
many 
cases. 

Not con¬ 
tracted. 

Naphthol 

black. 

Pheno- 

safranin* 

Cell-walls 
red; nu¬ 
clei 
black. 


Acid 

alcohol 

24 hrs. 

jj 


Disinte¬ 

grated. 



All red. 

3 hrs. 


j? 

Broken 
and rib¬ 
bon-like. 


Azo blue. 


Mainly 
blue; 
some 
patches 
of red. 

2 hrs. 

Acid 

alcohol 

24 hrs. 


Broken 
in many 
cases. 

a 

Benzo- 

pnrpiirin. 

Victoria 

blue. 

All blue. 




Broken 

up. 


Naphthol 

black. 

Pheno- 

safranin. 

Mainly 
red; 
some 
patches 
of black. 

si hrs. 


s> 

Often 

broken. 

Contracted 
and often 
disinte¬ 
grated. 

Azo blue. 

S5 

All red, 
except 
cuticle, ' 
which is 
blue. 



J? 

Quite 

broken 

up. 

Disinte¬ 

grated. 

Crocein. 

Victoria 

blue. 

All red, 
except 
cuticle, 
which is 
bluish. 

4| hrs. 



Little 

affected. 

Much 

contracted. 

Benzo- 

purpurin. 


Cell-walls 
and con¬ 
tents of 
root-cap 
blue; 
cuticle, 
red; pro-" 
.toplasm 
, ' bluish 
; red. 

3| hrs. 

Acid 

alcohol 

24 bis. 


Cells 

sometimes 

separated. 

Some¬ 
times con¬ 
tracted. 

Azo blue. 

Pheno- 

safranin. 

All pur- ' 
pie, ex- 
' cept root- 
cap,,.^' 
which,is 
■■red.:, 



Marked. 

Cells often 
separated. 

Con¬ 

tracted. 

Crocein,. 

M,ethyleEe" 
blue, ■ 

A, 1 I blue.;; 
much 

■over-":.'';":."':,” 
■d';,staiiied'■'■;■; 

near tip. 
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Table VI e (continued). 

Fixation and Staining of Galtonia {Root Apex) Embedded Material. 

Siamrng. 


rLxazive. 

Time 

Treatmeni 

before 

Staining. 

Cell Dis¬ 

Cell- 

Proto¬ 

For Cellu¬ 

For 

Staining 

Fix 

ing. 

tortion. 

wall. 

plasm. 

lose. 

Peciin. 

Effects. 

Hydrogen 

2 hrs. 

— 

Marked, 

Swollen 

Disinte-' 

Crocein. 

Methylene 

All pale 

peroxide. 




and broken 
in many 

grated. 


blue. 

brown. 





cases. 
Broken in 


Benzo- 

j? 

All blue ; 





many 

except 

pnrpiniii. 


one part 





cases, but 

in red 



all red; 





in red part 

patch, 



here 





it is un¬ 

where nu¬ 



there is 





broken. 

cleus is 



a blue 






visible. 



line in 
the cell- 
walls. 

Oxalic 

3 hr.. 

— 


Dis¬ 

Con¬ 

Azo blue. 

Pheno- 

All red. 

aciii 5 %. 



appeared. 

tracted. 


safranin. 



Acid 

,, 

Broken in 

Disinte¬ 

Benzo- 

Victoria 

Unevenly 



llcohol 


some 

grated. 

pnrpurin. 

blue. 

red and 



24 hrs. 


cases. 




blue. 


these two tables that the generalizations with reference to fixatives given 
in Table II (p. 1:^80) are drawn. 

The results obtained do much to confirm those of other investigators. 

^ Allen (8) records that fresh material can sometimes be stained without 

the previous use of acid alcohol. That is the case when the * cellulose * wall 
contains either more hydrocellulose or less oxycelliilose than usual. 

Mangiii ( 13 ) observes that fresh material is difficult to work with, 
since good results can be obtained only when hydrocellulose is present, 
for oxycelliilose is difficult to colour. In the same paper he states that 
cellulose is absent if no colour is produced after treatment with caustic 
alkali. • 

The extreme result of the action of caustic alkalis would be to. remove, 
a large part of the oxycellulose and hydrocellulose occurring in the cell-wall, 

' though the solutions used in microchemical work would' not : be ,, strong 
, enough to do this completely.. Accordingly the success obtained in 
' stammg cellulose from' an alkaline bath'may possibly, be due to partial 
,' solution ' of these products, a certain proportion being retained by the 
,. ■ unaltered cellulose,, and. reacting with the,dye. ■ 

The results, of this mwk may be briefly, stated as follows: , 

- (i) The,'cellulose’.membrane consists of cellulose^ oxycellulose, ■ 

■and'hydrocellulose, Ihe proportions of each constituent varying with 
' ' the ,age and kind of cell 



Chemical Nahtre of the Celhdose Membrane. 297 

{%) With fixed materials these proportions vary also with the 
kind of fixative, time of fixing, and concentration of the fixative. 

An investigation into the nature of the cellulose membrane is not a 
simple matter. Certain facts have been ascertained ; it remains to correlate 
their nature with the living processes of the plant. 


Summary. 


I. The state of the cellulose, both natural or artificially produced, was 
studied with a view to determining whether oxidation or hydration had 
occurred. 

The optimum conditions for distinguishing between cellulose and 
pectin after the use of a double stain are those causing minimum oxida¬ 
tion and maximum hydration without disintegration. 

Tests for oxycclluiose were performed on fresh and fixed material, and 
many fixatives were the subject of experiment. The results obtained %vith 
the stem and root of Vida Faba^ the stem of Helianthus annuus, and the 
root of Hyacinihus, are recorded in Table I, while Table II gives an 
account of the general effect produced by fixatives on cellulose and pectin 
in the plants studied. 

Alcohol and glycerine proved objectionable reagents because of 
their obstinate retention by cellulose, and hence their liability to wash 
into the pectin, and so disturb its reaction to dyes. 

3. A chemical classification (Tables III and IV) of the organic stains 
used in staining for cellulose and pectin shows that pectin is stained 
generally by organic compounds which are hydrochlorides of amines; 
cellulose by alkali salts of the disulphonic acids of compounds contain¬ 
ing one or more azo-groups. 

4. The effect of methylene blue proved uncertain in the experiments, 
and it is suggested that this is due to the presence of sulphur in the methy¬ 
lene blue, molecule. 

5. The results obtained by double-staining, after the use of fixatives, 
with freehand sections of the stem of HeUantJms annmis and microtome 
sections of the root apex of Vicia Faba^ Helianthus anmms, Byadntfms, 
and Galfoma, 2.re recorded in Tables V and VI. 

The chemical state of the membrane probably takes the form of an 
equilibrium between cellulose proper, hydrocellulose, and oxycellulose. In 
most cases the two first mentioned predominate. 

■ .The'','investigation ^was' '.carried out ,in the ,Botanical/Department;.'of 
Birkbeck Co,Hege,'.University of London,,.and the'^author wishes'to exp'ress" 

.''■X'- ■ ■ 
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her thanks to Professor Dame Helen Gwynne-Vaughan for suggesting the 
research, for her valuable advice during its prosecution, and in particular for 
indicating the methods by which the use of alcohol and glycerine could be 
avoided. 
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Evaporation in Wind« 


A Criticism of the Contribution of H. Sierp and K. L. Noack 
to the Physics of Transpiration. 


BY 


WALTER STILES. 

T WO years ago there appeared in one of the leading German botanical 
journals a paper which dealt with evaporation from water surfaces in 
moving air, a subject which is generally acknowledged to be of first impor¬ 
tance in regard to the problems of transpiration from the plant. In view of 
this, and as the conclusions to which the authors of the paper come are so 
very divergent from those previously reached by English investigators, an 
examination of the results of these later investigations in relation to those 
obtained earlier in this country is called for. Moreover, as the problems of 
evaporation from the leaf, from the point of view of pure physics, are to 
a large extent the same as those of absorption of carbon dioxide by the leaf, 
it is essential that the physical laws of evaporation should be correctly formu¬ 
lated, not only because they are fundamental in regard to transpiration, but 
also because they have a direct bearing on the problems of assimilation of 
carbon dioxide by the leaf. 

The authors of the paper in question, H, Sierp and K. L. Noack,^ state 
that they undertook the investigation of the problem of evaporation in 
moving air because, as far as they knew, neither physicists nor botanists had 
attempted an exact treatment of the question. It is clear, therefore, that 
they were unaware that the problem had been investigated both from the 
botanical and physical point of view several years previously. This is the 
more surprising as the treatment of the subject from the botanical point of 
view by Miss Thomas and Ferguson appeared in one of the best known and 
most widely distributed botanical journals,^ while the physical aspect of the 

f.H.,'Sierp and K.' L. Noack: Studien liber die Physik der Transpiration. Jahrb, J, wiss«'Bot, 
lx. 45'9“9S, .November 1921. ■ ■ 

''®'yNesta".Tbomas''and' A. ■ Ferguson: On the. Reduction of Transpiration Observations. . Am^' 
Bot.j'xxxi. 341-55, 1917* 

[Annals of Botany, Vol. XXXVIII. No. CL. April, 1934.] 
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question was dealt with by the same authors in one of the best known 
physical journals,^ and the very thorough consideration of the whole question 
by Jeffreys appeared in this same journal a little later.^ The latter paper gave 
rise to discussion at the time,^ while abstracts of the papers were published 
and they were otherwise noticed.^ Thomas and Ferguson did not emphasize 
the problem of evaporation in moving air, but results obtained under this 
condition were discussed, while Jeffreys dealt very deliberately with the 
problems of evaporation m moving air. That Sierp and Noack were 
unaware of this work is much to be regretted. 

The method employed by Sierp and Noack is not above criticism. 
The evaporation measured was that from water contained in dishes placed 
in a vessel completely closed except for an entrance pipe and exit pipe 
through which the current of air passed. Now, under such conditions there 
seems no justification for supposing that the current of air passes with 
uniform velocity over the whole surface of the water; indeed, it seems 
extremely unlikely that this will be the case. When, therefore, the authors 
speak of a velocity of ^ 4 litres an hour that is, when 4 litres of air pass 
through the vessel in an hour, it seems almost certain that different parts of 
the water surface are exposed to air moving at different velocities, and the 
term ‘ 4 litres an hour ' has no very exact significance. So that while on 
the whole a surface exposed to air moving with a velocity of ' 8 litres an 
hour’ is subjected to the action of a stronger wind than one in which the air 
velocity is ' 4 litres an hour it cannot be agreed that in one case the velocity 
of the air over the surface is twice that in the other. The method is, there¬ 
fore, not likely to afford data of any value for obtaining the quantitative 
relations between evaporation and air velocityAlso the translation of 
litres per hour into centimetres per second appears to have little quanti¬ 
tative value. 

In calculating the effect of wind velocity on evaporation from their 
experimental results, Sierp and Noack start from a modification of Stefan’s 

P—p. P^p 

formula, m = 4 kr . log obtained by substituting a for log The 

quantity a was then calculated for each of three wind velocities (4, 8, and 16 

^ Nesta Thomas and A. Ferguson: On Evaporation from a Circular Water Surface. ■ Phil. 
Mag., xxxiv. 308-21, 1917. 

Jeffreys: Some Problems of Evaporation. Phil. Mag., xxxv. 270-80, 1918. 

^ Sir J, Larmor:' Transpiration through Leaf Stomata. Phil, Mag.,'.xxxv. 350-2, rpiS. 

' H. Jeffreys, with note by Sir J. Larmor; On Transpiration through Leaf Stomata.,, Phil. Mag., xxxv. 
431-4,, 1918. ■ ■ 

', See Physiol. Abstn, voL ii, 1917..; iii, pp. 86 , 148, ,298, 191S. ^ 

® See R, C. Knight: Transpiration. Science Progress, xiii. 561-66, 1919. 

.While this, review .was, .in preparation a .notice of the paper by,Sierp and Noack'appeared 

; (Nordhausen, in Zeitsch. f. Rot., xv. 575-.6,1923), in which much the same criticism is made in regard 
■to m.ethod. 
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litres an hour) at three temperatures (15°, 25° and 35°) from the formula 
m = 4kra, where m is the quantity of water evaporated in unit time, k is the 
coefficient of diffusion of water vapour, and r is the radius of the evaporating 
surface. They then found that a is not only a function of the temperaturej 
but also of the dimensions of the evaporating surface, increasing with tem¬ 
perature and decreasing with increasing size of the surface* 

They further found that if is the value of a when the velocity of the 
wind is x (measured in litres per hour) and a^.,, when the velocity of the 

wind is twice this, the following relation holds, namely, log —— = con- 

stant (= /3), and that this constant is independent of the temperature, but 
decreases with increasing size of the water surface. This equation can be 

10^ 

written in the form -- 

In the case of a dish of water 57 mm. in diameter at 25® the value 
actually found for /3 was 1*651. As the wind velocities actually employed 
in the experiments were very low, and much lower than those found in 
nature, Sierp and Noack calculated by extrapolation from this last equation 
the rates of evaporation in wind possessing velocities up to 32,768 litres per 
hour in order to obtain data for evaporation in air moving as rapidly as that 
in natural conditions. When this was done for two water surfaces of 
diameters 91*5 mm. and 57 mm. respectively, it was found that the ratio of 
water evaporated from the larger surface to that evaporated from the smaller 
surface in the same time at 25^ with an air velocity of 32,768 litres an hour 
was 2*7 : i, while the ratio of the areas of the surfaces was 2*6 : i. The ratio 
actually found with a wind velocity of 16 litres an hour was only x*2:i. 
The ratio of the diameters was i*6: i. From these considerations the 
authors concluded that whereas with small wind velocities the rate of 
evaporation is roughly proportional to the diameter of the water surface; as 
the wind velocity increases the rate of evaporation becomes proportional to 
the area of the surface. That is, if we denote the r^te of evaporation by e 
and the radius of the water surface by a, 

e = 

where k is a constant. ■ 

Now Thomas and Ferguson by actual, experimental observations, and 
Jeffreys from theoretical considerations, found for water surfaces of medium 
dimensions ^ that the actual relation of the rate of evaporation to the dimen¬ 
sions of the surface is very nearly expressed by the equation 

€ = 

' The, term'jtiedhim, dimensions’ is vague, and so. a more exact description'of the range of' 
'' areas; over'which; the relation ".here given'.holds, is' desirable. :According'to. Jeffreys, when :the„wind 
velocity' is 4 cm, 'per second '^ must 'He,between.about i cm. and 25 metres ;,, wi'th a wind,'velocity p'f 
400 cm* per second 'must lie'betw,een about'lo-cm. and 250 metX'es, 
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A possible explanation of this divergence between the results of actual 
experiments and of mathematical calculation on the one hand, and those 
obtained by extrapolation on the other, at once suggests itself. The formula 
used by Sierp and Noack becomes in general 


jNTow in extrapolating from wind velocities of 4 and 8 litres an hour to one 

10^ 

of 32,768 litres (= 2’-'" litres), any significant error in ^^ will be 


tremendously magnified in the value for agV obviously necessary to 

examine the magnitude of the error that may possibly occur in the value of 
a for high velocities found by extrapolation. 

Fortunately Sierp and Noack provide data which enable this to be 
done. Thus, for the constant they found 6 values for each of the water 
surfaces they used. These values enable the probable error to be calculated. 
When this is done the values for ^ along with the probable errors for the 
three water surfaces they employed are found to be as follows: 


Diameter of IVater Mean Fa/tte Probable Error of Mean 

Surface in mm. qf^. P'alue of 0. 

37 0.490 ±C*020 

57 0-404 +0-010 

91.5 0.361 ±0*005 


Although the number of observations is small, it is sufficient to give an 
idea of the magnitude of the error possible. If it is assumed that the actual 
error in f 3 is no more than ±o*oio, certainly a very moderate estimate, cal¬ 
culation shows that the error in a 2^^ is of the order ± 20 per cent. Now, if 
such an error in the positive direction existed in the value of a found for the 
surface of 57 mm. diameter and one in the negative direction in the case of 
the larger water surface, the ratio of the quantities evaporated would be in 
the proportion, not of 2*7 : i, but of about i*75' Now the'ratio of the 
diameters of the surface| is 1*6: i, of (diameters)"^'"' 2*03 : i, and of the areas 
2*6:1, It therefore seems clear that the possible error is so great'in the 
extrapolated values found by Sierp and Noack that they give no exact 
information with regard to the relation between evaporation and dimensions 
ofthe .water surface when a strong wind is blowing. Having regard to the 
error 'JnvoIved,; their results are quite consistent'with the law. previously 
found by Thomas and. Ferguson, and by. Jeffreys, to the effect that the rate 
of evaporation' is approximately proportional to where a is the radius of 
the surface. There is, therefore, no .reason' to suppose that as a result of Sierp 
and Noack’s work the conclusions of Thomas and. Ferguson and of Jeffreys 
: are" other than, ^.correct 

'"vv".''.Sierp. and'Noack also discuss'the evaporation of'Water through multi- 
perforate " septa.. " If 'F follow , their 'argument correctly, they appear .', .to 
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misimderstand the conclusions of Brown and Escombe on this subject. 
Thus they give data with regard to three multiperforate septUj each of area 
2q sq, cm.j in which, the pores being lo diameters or more apart, there is 
no interference in evaporation through neighbouring pores. The data are as 
follows: 


Number of pores 
Diameter of pore 
Area of pore 
Total area of pores 
Diameter of circle 
with this area 


Septum I. 

25 

I mm. 

0.7S5 sq. mm. 
5 mm. 


Septum 2. 
625 

0.1 mm. 
0.0079 

4’94 n >> 
2.51 mm. 


Septum 3. 
15625 
c-oi mm. 
0.000079 sc|. mm. 
1.23 sq. mm. 

1.25 mm. 


They then say that a comparison of the diameters of the total areas of the 
pores, which diameters, according to Brown and Escombe, determine the 
magnitude of the evaporation, shows that this, in spite of the enormous 
increase in the number of pores, regularly decreases, so that under the 
conditions required by Brown and Escombe for no interference between 
evaporation from different pores, it can never be the case that reduction in 
the size of the pores can bring the diffusion up to that which would take 
place from a corre.sponding water surface, and that Jost and Renner are in 
error in stating that it can.^ 

Now Brown and Escombe said nothing of the kind* According to 
them the evaporation is not proportional to the diameter of an imaginary 
circle having the area of the total surface of the pores, but to the sum of the 
diameters of the pores, for there is supposed to be no interference between the 
evaporation through neighbouring pores, and the evaporation through each 
pore is proportional to the diameter. The evaporation through the three 
septa, therefore, would, according to Brown and Escombe, be in the pro¬ 
portions 5 : not as 5 : 2*5 :1-25. Thus, reduction in the size of 

the pores, provided the distance between the pores relative to the diameter 
of a pore remains the same,^ can bring the diffusion up to the amount which 
would occur from a water surface of the same dimensions as the septum. 
Jost and Renner are thus correct wEen they say that diffusion or evapora- 

^ ‘ Ein Vergleich der Durcbraessergrbsse cler Geaanitfiache, die nacb Brown iind Escombe fiir 
die Grosse der Evaporation ausschlaggebend ist, zeigt, dass dieae trotz des enomien Anwaclisens der 
LoclizabI stetig abnimmt. Es ist also nicht richtig, wenn Jost bei der Bespiechung der Wirkung 
raiiltiperforater Septa aiif die Diffusion sagt, class die Diffusion im Extremen einen ^olcheii Betrag 
crreichen kann, wie wenn die Haut ganz fehle, wie wenn eine vollig freie Diffusion siattfande , eine 
Ansicbt, die auch Renner im Handwdrterbiich der Naturwissenschaften vertritt. ^\enn also die 
einzelnen Locher so weit auseinander liegen, wie Brown imd Escombe es verlangen, so dass sie sicb. 
gegenseitig nicht beeinflussen, so muss trotz der gesteigerten Diffnsionsgeschwindigkelt der absolute 
Wert der Diffusion bei Abnabme der Locbgrbsse stetig kieiner werden.' Es kann unter^ diesen/ 
Bedingungen nie der Eall eintreten, dass -dutch fortgesetzte Verkleinerung d.er Locher-die Diffusion 
den Betrag.der der Gesamtplatte entsprechenden. Wasserflache annimmt (Sierp and .Noack, pp.483-4)- 
'It will be, .observed'that in the case of the three septa d-escribed by .Sierp and Noack the pores: 
are 10, 20, and,40 diameters apart in septa 1,-2, and- 3 respectively. The rea.soiis ,-which- led,-Sierp, 

and Noack to select these particular septa to illustrate their discussion are obscure. 
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tion through a multiperforate septum may be the same as if there were free 
diffusion from the surface with no interfering septum. 

As a matter of fact Jeffreys found that the evaporation from the surface 
of a leaf in still air is likely to be the same as that from a wet surface of the 
same size and shape until the diameters of the stomata are reduced^ in some 
casesj to one-fiftieth of that of the fully open stomata. The actual degree 
of closure necessary before each stoma acts independently of the others will 
depend on the size of the stomata and their distribution over the surface of 
the leaf. Under ordinary conditions, however, the ‘ wet leaf’ law will hold. 
"This being the case, the evaporation will follow the ordinary law of 
evaporation from water surfaces, and therefore, as Jeffreys has shown, it will, 
within limits, be proportional to when a steady wind is blowing over 
the surface, where a is proportional to the linear dimensions of the leaf. The 
complications arising when the stomata are sunk below the surface of the 
epidermis need not be discussed here. The few experiments on evaporation 
through multiperforate septa performed by Sierp and Noack are scarcely 
sufficient to enable any definite conclusions to be drawn, but they appear 
quite consistent with the ‘ wet leaf’ law and the relation e = and the 
expression of a different opinion by Sierp and Noack need not therefore 
detain us further. 


Summary. 

A critical consideration of the work of Sierp and Noack shows that the 
results obtained by these authors are not inconsistent with the relation found 
by Thomas and Ferguson, and by Jeffreys, that the rate of evaporation 
from a free water surface of medium dimensions exposed to a wind is pro¬ 
portional to where a is proportional to the linear dimensions of the 
surface. The conclusion of Sierp and Noack that the evaporation is propor¬ 
tional to can be explained partly, perhaps, on account of their experi¬ 
mental arrangement, which is not above criticism, and certainly on account 
of the error involved in their calculation of the rates of evaporation in aii*' 
moving at high velocities. 

The results of Sierp and Noack with multiperforate septa are not 
inconsistent wdth the laws governing the evaporation of water through such 
septa exposed to moving air previously propounded by Jeffreys. 

' University College, 

Reading. 

J/bmm&er 1923. 



The Response of Plants in Soil- and in Water- 
culture to Aeration of the Roots. 


‘BY 

R. C. KNIGHT, D.Sc., 

Department of Plant Physiology and Pathology, Imperial College of Science and Technology, 

Lojidon. 

With one Figure in the Text. 

T he influence of thorough cultivation of the soil upon crop production 
is a fact too well established to need elaboration, but the same can 
hardly be said of the explanation of this effect. The beneficial results are 
variously attributed to the conservation of soil moisture, to soil aeration, 
and to increased fertility due to weathering, among other factors. It is 
probable, as is usual in such cases, that the effect is due in varying degree 
to many factors rather than to a single one, and moreover local conditions 
doubtless play a considerable part in determining which factors are most 
important. Investigation of some of these factors is proceeding and atten¬ 
tion has been directed to soil aeration. Experiments have been carried out 
at Cheshunt (1), in which the soil in tomato-houses was artificially aerated 
by underground pipes. Air was forced into the soil during two 15-mmute 
periods per day, with the result that a 10 per cent, increase in yield was 
obtained. In addition, earlier ripening was observed in the fruit on the 
aerated plants, and a higher proportion of first-grade fruit was produced. 
The aerated plants were healthier and less attacked by ' mildew ^ and the 
foliage w^as better in quality than in the controls. 

This is only a single observation, but it is the only work on the same 
scale known to the writer. Noyes ( 16 ) has dealt with, the problem of the 
cultivation of soil and its effect upon crop production, and attaches most 
importance to the indirect influence of aeration. This work is further dealt 
with later. . ■ 

It is evident that, in order to investigate the reaction of plants to soil 
aeration,"it;is, first■ necessary, to obtain an: understanding of the'physio,- 
logical processes of' the root. „ The progress wEich has been' made,., in the 
inV'estigation.v.of'’the'^'physiology of the rootsystem' of:the .'plant,..isvery 

' '..fAjanals of Botany, VoL'XXXVIIL, No, CU. April, 1924.1 
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slight when compared with the knowledge which we possess with reference 
to the rest of the plants. The reason is not far to seek. It is not that the 
importance of the root system is not recognized, but rather that the diffi¬ 
culties of manipulation are much more formidable when working with roots 
than in investigations of aerial parts. The presence of such a complex 
medium as the soil is always a disturbing factor, unless the plants are grown, 
for example, in water-culture, and under these circumstances there may 
always be urged the objection that the behaviour of a plant in water-culture 
is not necessarily a criterion of what its reactions would be under normal 
conditions of growth. It is doubtless due to such considerations as these 
that our knowledge of root physiology is so meagre. However, even 
a slight knowledge of the physiology of the root has led to the recognition 
of the importance of the nature of the soil gases and of their relation to the 
respiratoiy activities of roots. 

Russel! and Appleyard ( 16 ) carried out many analyses of soil air, and 
found that in the upper layers of soil the composition was very similar to 
that of atmospheric air—the difference being a small increase of CO2 at the 
expense of oxygen. The fluctuations in composition were found to be con¬ 
siderable, and were attributed to biochemical changes. Many series of 
experiments have been carried out to investigate the influence upon plants 
of changes in the composition of the atmosphere surrounding the roots. 
Noyes ( 13 ) found that if the soil atmosphere were replaced by rapid 

deterioration and death of the plants followed. He also observed that 
maize was less sensitive than tomatoes towards CO.^. This difference in 
behaviour of different species has also been recorded by other workers. 
Noyes, Frost, and Yoder ( 15 ) worked with pot-cultures of various plants, the 
roots of which were subjected to the action of a stream of COg. Again it 
was found that the effect varied very much with the species used. Pkaseo- 
lus^ for example, proved to be almost unaffected by the CO2, but with other 
species the usual result was a decrease in the amount of root-formation. 

In the majority of investigations of the influence of different soil 
■atmosperes upon roots, attention has been directed either to increasing the 
air-supply or to raising the COg concentration. This of course is' the 
necessary preliminary step, but no analysis of the problem can be considered 
complete unless distinction'is made between the individual effects of oxygen 
' and , carbon'dioxide.Roots of .buckwheat in an atmosphere of nitrogen 
■, . were observed by Free (8) to be quite normal. It might perhaps have been 
.expected that the absence of external oxygen would restrict growth, but,, as 
"will'be noted later, the behaviour of buckwheat towards changes of oxygen 
co'ntent in the medium, surrounding .the roots is rather unusual,. . On, the 
other .ha.iid, Free found. that, ..if pure CO.g were supplied to roots of buck- 
" wheat, death resulted very soon.^ These experiments show very clearly the 
.distinction between "the merely negat.ive effect of lack of oxygen, and the' 
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positively toxic effects of CO.^. Thus an experiment in which CO2 concen¬ 
tration in the soil is increased, or alternatively, one in which CO^ con¬ 
centration is reduced to a minimum by a continuous supply of C02"free air, 
cannot alone be of much assistance in the analysis of the problem. 

At present our knowledg'e does not extend far beyond the elementary 
stage indicated above, but data are being accumulated with reference to the 
response of different species to 'aeration', i.e. reduction of COg concentra¬ 
tion, and to COo treatment, i.e. increase of CO2 concentration and accom¬ 
panying decrease of oxygen and nitrogen. 

Livingston and Free flO) worked with several species, and found that in 
most plants the replacement of soil oxygen by nitrogen quickly resulted in 
a falling off in the rate of water absorption by roots, and was soon followed 
by death. A notable exception was found in the case of Salix 7iigra, 
a swamp willow, which was capable of enduring almost complete exclusion 
of oxygen from the roots. In view of the nature of the habitat of this 
species it is interesting to find this peculiarity, and the authors suggest that 
in this case root respiration may be normally carried out at the expense ot 
internal oxygen, since in the water-logged soil oxygen supply must be 
practically nil In this connexion some experiments recorded by Hole ( 9 } 
are interesting. 

He found that in water-culture water alone is not harmful to roots, 
and in sand-cultures the plant is not injured if the sand is water-logged, 
provided the water is kept in motion. The water in motion presumably 
removes from the roots the COo produced by respiration and maintains 
a constant, if small, supply of oxygen. A concentration of 0*5 grm, CO^ 
per litre in the culture solution was, however, sufficient to kill roots growing 
in water. Bergman ( 3 ) found that submerged roots do not produce root- 
hairs, He also records the death of the plants following the replacement of 
soil air by COg. Land plants lose their tiirgidity if the soil is water-logged, 
and the transpiration rate decreases. These facts conform with the observa¬ 
tion of Livingston and Free (above) that the rate of water absorption 
decreases when oxygen is not available. Bergman attributes the capacity 
of marsh plants to grow as they do with roots submerged, to the aerenchyma 
system which is present, an hypothesis which is also consonant with that held 
by Livingston and Free. Norris ( 1 ^), in experiments on AlatSj showed 
that the root cortex will develop an aerating system if the oxygen supply 
is poor. Cannon and Free ( 5 ) found a retardation of root growth following 
the introduction of CO2 into the atmosphere bathing the roots, and the 
amount of retardation increased with the concentration of GO^* Specific 
■differences in response were again noticed. Presog^ts ^veiutinavionld still 
■■"grow to, a small extent with its roots in an' atmosphere of^ 50 - 75 , per cent. 
;';COa»'whilst the .growth oi Opunfia versicolor was" totally inhibited by,/this 
■.concentration.', :■ Artificial .reduction of' the content^ ■of the soil ■atmo- 
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sphere by a continuous supply of air generally favoured growth. The work 
on Prosopis and Opimtia was extended by Cannon ( 4 ), who found that not 
only is. Prosopis less sensitive than Opiintia to high CO3 concentration, but 
it is also less sensitive to low oxygen concentrations, 

Andrews and Beals (2) found that aeration of the solution very con¬ 
siderably increased the yield of maize grown in water-culture, and they also 
recorded the development of wide air-spaces in non-aerated plants, the 
latter observation confirming the results of Norris. Cerighelli ( 7 ) investi¬ 
gated the respiratory ratio of attached and of detached roots, and found it 
to vary from 0*7 to i-o according to species. He also observed that much 
CO2 was retained in the root tissues. This being so, it is to be expected 
that artificial aeration, by reducing local concentrations of CO2, will increase 
growth. Cannon and Free (6) record some observations on the capacity of 
plants to develop special root systems adapted to particular conditions. 
Sunflowers were found to produce a new root system when the soil atmo¬ 
sphere was replaced by nitrogen, and a similar result was obtained when 
plants were transferred from soil to culture solution. The present writer 
has also observed that a change in the composition of a culture solution 
sometimes results in the death of the old root system and the production of 
a new one. Cannon and Free observed that the roots formed in soil in the 
absence of oxygen and those formed in culture solution differed from normal 
roots in being short, thick, and devoid of root-hairs. The writers regard 
these facts as suggesting that the lack of root-hairs on certain swamp plants 
is due to deficiency of oxygen rather than to surplus of water. Cannon and 
Free also found that Zea Mais, if deprived of soil oxygeh, ceased growth 
for a time and then recommenced growth at a slower rate. This is regarded 
as evidence of a physiological adjustment to anaerobic conditions. Evidence 
has already been adduced to show that this plant may become morpho¬ 
logically modified as the result of bad aeration (2, 12). 

Stiles and Jorgensen ( 18 ) investigated the effect of aeration on plants 
growing in water-culture. Air was bubbled through the culture solution, and 
in the case of barley and balsam increased yields were obtained in the 
aerated series. Buckwheat, on the other hand, produced no increase in 
crop as the result of aeration, a result similar to that obtained by Free (8). 

From the foregoing summary of published work it will be seen that on the 
chief aspects, of the' question of root aeration, there is extraordinary iinani- 
^ mity. Workers are agreed that species differ in their reaction to removal of 
COg from'the soil hy aeration,, but the general result 'is, an increased yield. 
It is also agreed that any effect on the plant resulting from poor ^ aeration ’ 
■may'be the, result of two factors, excess of CO3 andlack of oxygen, and,'It 
is realized that'these; two factors must be dealt with separately, in analysing 
the"'question O'f'soil'^aeration.■ 

' It' 'should; be' pointed out here- that the question has ' recently ' been. 
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raised whether the beneficial influences on crop weight, which have been shown 
to result from soil aeration, are really due to' the direct effect upon root 
activity of changes of COo concentration and of oxygen supply, Lyon (11) 
records a series of field and laboratory experiments on the tillage of soil and 
its nitrogen content, and concludes that the quantity of nitrate in the soil 
is dependent to a large extent on the efficiency of aeration. It appears 
from this that the effect of good aeration on a crop may be indirect, through 
the increased activity of soil organisms. Noyes ( 14 ), working on the 
problem of water requirement, reached a conclusion which also has a bearing 
on the present problem. Noyes found that in well-cultivated plots the 
water requirement of the crop, i.e. the weight of water used in the produc¬ 
tion of unit quantity of dry matter, was less than in badly cultivated or 
uncultivated areas. He does not associate the importance of cultivation 
with water conservation, as has commonly been done, but rather with the 
increase of bacterial action following upon better soil aeration. The point 
of view set forth in these two papers clearly points the way to still further 
analysis of the question of soil aeration. 

In view of the important practical results which have been obtained in 
aeration experiments, it was decided to undertake an investigation of the 
question of aeration, and a series of experiments was accordingly devised. 
Circumstances have prevented the continuation of the work beyond the 
preliminary stages, but it is considered desirable to record the results 
obtained to supplement the groundwork already laid out by other workers, 
ill preference to withholding them until opportunity shall arise to resume 
the work. 

Aeration experiments have been carried out using plants growing in 
soil- and in water-culture, and the methods employed have not yet proceeded 
beyond the primary stages. The treatment of the plants has been con¬ 
fined to removal of CO^ from the soil (or culture solution) by a stream of 
G02“free air, and, at the other extreme, to the prevention of the escape of 
CO2 from the soil. No attempt has yet been made to discriminate between 
the two factors referred to above, the early work having been directed to 
finding plants which were sensitive to aeration. 

l. Pot-mlture Experiments. 

Experiment j. In this experiment maize (Barr*s Golden Bantam); was 
grown in soil in 10 in. glazed earthenware pots in a cool greenhouse. 
Broken crocks were placed in each pot to a depth of one inch, and these were 
overlaid with a piece of coarse wire gauze in order to ensure uniform distri- 
■,bution":.of 'air' in; the aerated' series. "Each, pot , contained'.twenty-eight' 
,'po'unds of'soil and' five plants, and :was fitted with two, tubes ;:fbr"'sampling; 
'■. 'the..soil', atmosphere, one,;exteiiding to within an inch of the '.bottom of "the;: 
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soil and the other an inch below the upper surface. Water was added 
through a wide tube terminating in a ‘ pocket * of broken crocks in the 
middle of the pot. The soil used was a light garden loam, the character of 
which is indicated by the following constants: 

The minimum water content determined by the method described by 
Hilgard was per cent., and the maximum water contents estimated by 
means of Hilgard's soil-water vessels, was 57-6 per cent., these figures 
being the averages of seven determinations. The pore space of the soil 
was found by the simple percolation method. Air-dry soil, i. e, 1 to per 
cent, water, was packed into a cylinder and water was allowed to percolate 
through from below. The maximum quantity of water which could thus be 
introduced was 50*4 per cent, by volume, but this figure was obviously not 
an accurate expression of the amount of air-space in the soil, on account of 
the impossibility of replacing all air-bubbles by water, however slow the 
percolation. Accordingly the experiments were repeated using an evacua¬ 
tion method. A cylinder, A, was connected with a manometer and an air- 
pump, and a similar cylinder, B, was connected with A. A was evacuated to 
as low a pressure as possible and the manometer reading was taken. The 
stopcock connecting A with B was then opened and the manometer was 
read again. B was then filled to the stopper with soil. A was evacuated to 
the same pressure as formerly, the connecting stopcock again opened and 
the manometer read. From the three manometer readings thus obtained, 
the percentage air-space in the soil may be readily calculated.^ 

The use of such methods has been deprecated on the ground that the 
physical characters of the soil are radically altered by such extreme pres¬ 
sure changes, an objection which, however, applies similarly to the percola¬ 
tion method. 

By the evacuation method the air-pore space in the air-dry soil was 
found in successive determinations to be 58-1^, 5^*^> 5^*6? 5^*5? 57*^8, and 
57*0—average 58-1 per cent. These figures are in close agreement, when it 
is considered that all errors and irregularities of packing the soil are included. 
As might have been expected, the air-pore space is higher than the water- 
percolation method indicated. Similar trials, carried out with the soil con¬ 
taining 15 per cent water by weight, determined air-pore space as 43 per 
cent. In view of the contraction which occurs on wetting an air-dry soil it 
is to, be expected that the sum of percentage water content and percentage' 
air-pore space will decrease with increasing water content (The specific 
gravity of the air-dried soil-air .system was about 0-9.), ' 

' " If/A is the manometer reading when A is evacuated, 

, /B is the manometer reading when the connecting stopcock is open—B containing air, and 
/G is the' manometer reading when the connecting stopcock is open—,B containing soil, 
then; the percentage ', of air-space in the soil by. volume is 

(/A-/C) 

{ph-pM) ^ 
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The seeds used were graded, and only those weighing more than 
0'‘2-9 grm. and less than 0-32 grm. were used. About 30 per cent, of the 
sample fell within these limits. The seeds were soaked in water for twelve 
hours and germinated on sand before planting in order to secure uniformity 
in the plants. On March 20 the germinated seeds were planted and the 
water content of the soil brought to 25 per cent. It was maintained at 
this level for ten days, by which time the plants were established. After 
this date the water content was made up to 23 per cent, at each watering. 
All pots were watered through their central tubes at intervals determined 
by external conditions. Water was added to compensate for loss by 
surface evaporation and transpiration, and the water content of the soil was 
not allowed to fall more than to 2 per cent, before replenishing. No 
allowance was made for the water present in the growing plants, since it 
was calculated that at the time of harvesting the reduction of soil water 
content as the result of neglect of this factor would be less than i per 
cent. At each watering the position of the pots was changed in regular 
rotation in order to reduce as far as possible differences due to local 
conditions. On March 30, ten days after sowing, wax seals were applied to 
twelve pots of the series and aeration was commenced in another set of 
twelve. A third set was maintained under ordinary conditions as a control 
series. The wax seals were composed of three and a half parts of paraffin 
(m.p. 45° C.) and one part of vaseline. The mixture was applied in a liquid 
state as cool as practicable, the stems of the plants being protected by 
paper collars. After solidification of the seal, the collars were removed and 
the final seal around the plants was made with a softer mixture of paraffin 
and vaseline in equal proportions. The sampling tubes were sealed, and 
the watering tube was corked. It was found to be difficult to ensure 
a complete seal, the wax tending to break away from the pot at some 
point, and frequent repair of these fractures was necessary. Also small 
leaks of air were almost always to be detected between the stems and the 
encircling leaves of the maize plants. These latter were unavoidable when 
f using maize, but they were probably also relatively small Thus the series 
of pots, which were ‘ sealed * could only be regarded as partially sealed. 
The efficiency 'of the seals is revealed, by the soil gas analyses • recorded 
later, and by comparison of these results with those obtained for a. later 
series of cultures, which, partly .on account of the difficulty of sealing, were 
carried out with narrow-necked vessels. 

Aeration of the second series was carried out through a tube passing 
into the'layer, of broken crocks below-the'wire gauze in each pot. Before 
, entering the pot the .air. was.led through „a ,small, wash-bottle which served 
„ as a .means of,rendering the air moistj thus reducing .its capacity fox remov- 
' 'ing' water ■fro.m' the soil, and .also ■as a means .of 'determiiimg the'','rate. ,of .„,the. 
.,■ air-stream for purposes ,of control A .sci*e,w clip .for each,po-t,,controlled. 
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the speed of the air-stream. Each pot was supplied from a side tube con¬ 
nected with the main air-supply, all the pots being thus in parallel. The 
pressure required to force air through the system was first supplied from 
a motor-driven pump and later from a large gasholder. The latter needed 
frequent attention for refilling, and, moreover, the pressure developed fell 
continuously as the reservoir was being emptied of air. Eventually the 
air pressure was supplied from the water-tap by means of a simple appa¬ 
ratus which has proved very satisfactory. It 
consists of a wide-mouthed bottle, fitted 
as shown in the diagram (Fig. i). The tube 
b is attached to the water-supply, and as 
water runs in air is forced out through tube 
which is connected with the main air-supply 
to the pots. Water rises in d and e to ^ 
height depending upon the pressure against 
which the apparatus is working. The level 
in e remains constant, but the level in d 
rises with the level in a. Thus air is forced 
through c until the level in d reaches the top 
of the siphon tube, through which the water 
from a now begins to escape. Air to replace 
it is automatically drawn in through and 
at the same time in ^ a small backward pull is 
set up, the magnitude of which is determined 
mainly by the depth of water in e. To 
prevent a backward flow through c a wash- 
bottle is inserted to act as a valve, if the 
system does not already include one. When 
the water level in a reaches the bottom of d, 
the siphon ' breaksand by the inflow of water 
through b the pressure rises and air again 
begins to pass through c. Thus an almost 
continuous flow of air is maintained. The 
critical portion of the apparatus is the siphon, which must ‘ make * and 
‘ break ’ sharply. To facilitate the ‘ break' a wide end is blown on the 
short leg, and to ensure a good ‘ make ’ the inside of the siphon tube from 
g to h\% coated with paraffin wax of low melting-point, which may need 
renewal after a week or two. If the whole of the siphon tube is waxed it is 
found that the * break ’ is not always sharp, and chains of large bubbles persist. 
In' Order, to, utilize' the full capacity of the reservoir the length of the 
short' Ieg,,of the",siphon 'tube is so chosen'that the water,level inside',it'.reaches 
thC' top,.' when the ^bottle is full. The internal .diameter of the siphon tube ' 
,'is,;a,pproxim'ateIy J', in.,, 'but .this, as ■ well' as ,the size .of'thc res'ervoir/ 
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must naturally be adjusted to the conditions of the experiment. Although 
no failure of the apparatus has occurred, it has always been deemed 
advisable to arrange that tube c is above the other tubes, so that, in case 
of accident, water would not be forced through this air exit. The air-stream 
produced by this apparatus is practically, constant after the tap has been 
running for a short time, but it is not continuous. There is a short interval 
during' which no air passes, each time the reservoir is emptied, but in 
aerating soil- and water-cultures this periodical cessation of the air-supply 
cannot be of importance. 

During the earlier part of the growing period an attempt was made to 
obtain indications of the rate of growth of the various cultures. Measure¬ 
ments were made at intervals of the length of each plant, from the soil to 
the tip of the highest leaf when the plant was held upright. Leaf counts 
were also taken, for each plant. Owing to the time occupied by other 
operations concerning these and other cultures, these measurements were 
not continued throughout the life of the plants. The results obtained give 
curves which are almost coincident in all three series. 

There is no indication of sigmoid form in any of the curves, and this 
may be explained by the fact that the period which they represent corre¬ 
sponds with the stage of most rapid growth and does not include either the 
earlier or the later stages of slower growth. From the figures available it 
is not possible to say whether increase in length or in leaf number gives 
a very close approximation to growth-rate in maize, although for barley 
Stiles and Jorgensen ( 18 ) found leaf number and dry weight results to be in 
good agreement, and the leaf number figures fall on the first portion of 
a sigmoid curve. 

On May and 22, analyses of the soil gases were made by means of 
a Haldane apparatus, and the plants were harvested on May 23, roots and 
shoots being collected separately. The soil was washed out from the 
roots, a process which was fairly easy, if laborious, with the light soil used. 

Table L 


Analysis of Soil Attnosphere m Pot-culture Experiments 
previous to Harvesting. 


Series. 

0., 

Bottom. 

CO., 

0, 

Top. 

CO2 

Aerated 

21.3 ' 

0*2 2+0.02 

— 

— 

Sealed 

19*5 

1-80 + 0.04 

19*5 

1.30 

Control 

21*1 

0.33 + 0.03 

21.0 

0.08 


■The results of the soil-gas analyses are shown in Table L', .Duplicate 
samples were ■.'taken from near the' bottom' of each pot, so that "the; figures.■ 
shown repre.sent"the'average of twenty-four anaiyses.^' ■^. Sam.ples;;'were.'.,also,.; 
taken'from' near'the top of each; pot, but the analyses, obtained'. ..were;,''con-,'; 
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sidered unreliable owing to the fact that as a sample is extracted, outside 
air replaces it and probably becomes mixed with the sample* 

The individual analyses varied considerably, from 0-07 percent. CO^ to 
0*33 per cent. COo in the aerated series, from per cent. CO^ to 
per cent. CO2 in the sealed series, and from 0-17 per cent. CO^ to o»55 per 
cent CO2 in the control series. 

The difference between the series is small, but apparently significant. 
In the aerated series the formation of CO^ in the soil was sufficiently rapid 
to produce an accumulation in the soil in spite of the stream of fresh air 
passing through. It is evident that the speed of this stream might have 
been increased with advantage, in order further to reduce the COg concen¬ 
tration. The concentration of CO2 in the control pots was lower than was 
expected, and obviously in the light soil used the escape by diffusion was 
rapid. In the sealed pots CO2 had accumulated at the expense of some 
oxygen, but it seems likely that some COo had been lost by leakage owing 
to the difficulty of effecting a complete seal. The dry weights of the crop 
are given in Table IL 


Table II. 


Average Dry Weight per Plant in grm. of Maize Cnltnres tinder 
different Conditions of Soil Aeration. 


Series, 

Aerated 

Sealed 

Control 


Shoots, 
2.64 + 0.08 
2.05 + 0*04 
2*00 + 0*05 


Roots, 
0.25 + 0.01 
0*15 + 0*002 
o*i7±o*oi 


Whole Pimtts, 
2.89 + 0*08 
2.30 + 0.04 
2.i7±o.o6 


The aerated series shows an increase of over 30 per cent, on the control 
series. The increase is shown in both shoots and roots. The sealed 
series, on the othp* hand, gave the same result as the normal series, within 
the limits of experimental error. It is not easy to correlate this result with 
the figures obtained for COq content of the soil (Table I). At first sight it 
would be expected that the similarity between the soil atmospheres of the 
aerated and the normal, and also the high CO2 content of the soil in the 
sealed series, should be reflected in the crop weights, yet the results do not 
bear this'out. In the attempt to account for the discrepancy suspicion fell 
on the CO2 analyses for the aerated series. Aeration had been suspended 
on the morning the analyses were made and the pots were dealt with in 
succession, so that by the time the last pot was sampled it had received no 
air for some hours. It appeared possible that in this interval COg had 
accumulated in the soil in sufficient quantity to invalidate the analyses, and 
a. -study ;,of the individual results' confirmed this. , The samples from,; the first; 
iive pots gave an average CO2 content of o*ii per'cent., and the last ,five 
'o»3L ,per' cent, showing that, the figure 0-23 peir cent' CO^ is'not'. really 
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representative of the soil atmosphere conditions during ■ aeration. The 
correct figure is probably nearer 0-07 per cent.— the lowest of the series. 
Further confirmation was obtained later, when working on the accumulation 
of CO2* A sealed pot was set up in the usual way, but without any plants, 
and air was passed through rapidly for one hour. Aeration \¥as then 
stopped and within a few minutes a sample of soil atmosphere was removed 
for analysis. Similar samples were taken at hourly intervals for a time and 
then at intervals of some days. The results are given in Table III. 

Table III. 

Acctmtidation of CO^ in Soil Atmosphere of a Loam. 


Time. 

% CO2 i>y Vohime, 

II.5.^21. 

[10,30-11.30 a.m., 

soil aerated.] 

11.40 a.m. 

0*10 

12.40 p.m. 

0*55 

1.40 p.m. 

0-98 

3.0 p.m. 

1*30 

3.40 p.m. 

1.53 

4,40 p.m. 

1-77 

I2.5.’2I. 

11.40 a.m. 

6*6o 

iSvvSi. 

12.20 p.m. 

II. 19 

iS.5.’2i 

16.9 

3o.5.’2i 

30.6 

3*6.’2I 

34.0 


Oxygen content 0*5 %. 


The rapid accumulation of CO., in a sealed pot is very striking, and 
although the soil in this case was heavier than in the cultures under discus¬ 
sion, there appears to be little doubt that the high CO^ figure (o-aa per 
cent.) obtained in the aerated series was due to accumulation after the 
cessation of aeration, and that the CO^ content during the growth period of 
the plants was less than o*i per cent. 

From consideration of Tables I and II, in the light of this conclusion, it 
appears that maize is sensitive to changes of concentration of CO^ in the 
soil atmosphere, especially when the concentration is very low. A change 
from 3,«8 per cent, to 0*3 per cent, appears to , have had no effect, but the, 
removal 'of the greater part of the last 0-3 per cent, resulted in a considerable 
increase''in dry weight.' 

' At the close of this experiment some reserve "cultures which had .not 
been included, were .subjected to treatment 'with atmospheres containing 
high ,'concentrations..of''C'02'(since I-8' per cent, appeared to' have., no'effect) 
in'order to obtain, information as ,'to the rate of escape by dtifusioii'and^','alsov,' 
,the time required for a definite efifect to become visible. Cultures,,the,''soi'lpf' 

,' Y % ■' 
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which had been treated with 5 per cent., 10 per cent., and 15 per cent CO2 
respectively, continuously for five days, showed no ill effects at the end of 
that period* A stream of pure CO^ produced wilting in less than two days 
and the soil atmosphere .^jcontained 53 per cent, to 65 per cent CO^ at 
different times during treatment. Five hours’ treatment of a normal pot 
with per cent COo resulted in raising the COg content of the soil gas to 
6 per cent., but in a wax-sealed pot the COg content was increased to 
per cent., and in the latter case the plants showed signs of wilting in two 
days. These observations show that the loss of COg from an open pot is 
rapid, and there is evidence that relatively high concentrations of CO2 are 
required to kill maize. 

Experiment 2} Giant Caragiia maize was used in this case and the 
plants were grown one to each 1,200 c.c. glass milk-bottle. The narrow 
necks of these bottles made the sealing much easier than in the case of 
the 10 in. pots. The bottles were covered with black paper, and the 
general procedure was very similar to that in the previous year’s experi¬ 
ment 

The soil used w^as a fairly heavy fibrous loam with a minimum water- 
holding capacity of 27*6 per cent and a maximum of 69*5 per cent. The 
pore-space of the soil was 39*4 per cent, by volume when the soil moisture 
was 32 per cent, and 59-2 per cent by volume when the soil moisture was 
13*8 per cent. The seeds were graded by weight and only those weighing 
between 0-34 grm. and 0-43 grm. were used. The seeds were sown on 
March 16, 1921, and the soil moisture content was fixed at 30 per cent. 
When the plants were well established aeration was commenced in one 
series and a second series was sealed with the wax mixture. Watering 
was carried out precisely as before at intervals, and analyses of the soil 
atmosphere were made from time to time. On April 26 the soil gas in the 
sealed series contained on the average 11*6 per cent. COg and 9-5 per cent, 
oxygen. On June 2 the analyses of four cultures in each series gave the 
following results : 


Average 


Aerated series 

0.18 

0.08 

0.22 

0.22 

%co. 

o.iS 

Sealed „ 

10.7 

10.5 

15.6 

8.8 

11.4 

Control , ,, 

0-64 

0.65 

0*44 

0 

dt 

0 


0 * 5 ^ 


It is evident that there is some leakage taking place, since much higher 
COg concentrations were recorded in the experiment with the sealed pot, 
the results of which are given above (Table III). It appears probable that 
in the sealed series under discussion the leakage actually took place through 
thC' plant, since- repeated observations on: sealed pots without, plants have 

■' " writer wishes to express his indebtedness to' Mr. B. D. Bolasfor assistance'with-this'experi'- 
ment,and also Experiments 4, 5, and S of (he water-culture series. 
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shown that the COg concentration rises to 1^-20 per cent, in four days and 
to over 12^5 per cent, in eighteen to twenty-one days. 

However, in spite of the leakage, the concentration of CO2 approaches 
that which was shown, in the supplementary experiment quoted above, to 
cause maize to wilt in a few days. The results of that experiment were 
confirmed in the present instance, when the whole of the plants In the sealed 
series became unhealthy and soon died. The other two series were con¬ 
tinued until July 19, when the plants of each set were harvested, dried, and 
weighed altogether. The dry weights are shown in Table IV. 


Tx 4 BLE IV. 

Average Dry Weight in grm. per Plant of Maize Cultures under 
differeiit Conditions of Soil Aeration, 

Series, Shoots, Koots. Whole Plmii, 

Aerated 3*88 0*87 4.75 

Control 3-50 3.90 4.40 

In this case the aerated series again showed an increase in dry weight 
over the control series, but the increase was much less than in the previous 
experiment. The CO2 content of the soil gas was higher in the control 
series than in the earlier experiment, and probably the same remark applies 
to the aerated series. Doubtless the nature of the soil in the two cases was 
contributory to, if not wholly responsible for, the observed difference in COg 
concentrations. The two series of maize cultures which have been dealt 
with during 1920 and I9^2I indicate that this plant in soil-culture is sensitive 
to aeration of the soil, but that a CO2 concentration of i-8 per cent, in the 
soil air is no more harmful to it than 0-3 per cent, 

IL Water-cultures. Concurrently with the soil cultures recorded 
above, water-culture experiments have been carried out with the same end 
in view. It is recognized that the behaviour of plants in water-culture is not 
necessarily an indication of their behaviour when growing in soil, but it was 
intended that the water-culture experiments, which involve less labour than 
soil cultures, should be supplementary to the latter. Several series of 
experiments have been conducted, the conditions of which have differed only 
slightly, and cultures have been run concurrently with the soil-cultiires' 
already described. 

Experiment i, ' 'Maize (Barr’s Golden Bantam) was used here, the seed 
coming from the same sample as that used in the pot-cultures' of I9'20. 
.Narrow-necked, milk-bottles .of, i,i2oo. c.c. capacity, were, used, as culture' 
vessels.' , These were arranged,.'in series'.in parallel rows .and '.the positions 
'were'frequently' changed'in'.I'egular '.rotation. The seedswere soaked, over¬ 
night' in'W.ater',. a',iid',,'sown, in,,sphagnum, on March',',^2 ' after' /having;^beeH' 
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germinated on wet sand On March 29 the seedlings were set up, one to 
each vessel, in Shivers three-salt culture solution ( 17 ), but this was apparently 
not suited to the plants, which were soon transferred to a solution as used by 
Brenchley at Kothamsted, the constitution of which was : 


KN03 . . 


. I'o grm. 

MgSO, . 


• 0-5 » 

CaS04 


• 0-5 „ 

NaCl . 


■ 0-5 

KH^PO, . 


■ 0-5 >. 

FeC\ 


. trace 

Water 


. 1,000 c.c. 


One series of sixteen plants was aerated by bubbling air slowly but 
continuously through the culture solution, and a second series was grown 
without the aeration treatment. Several attempts were made to render the 
aeration more efficient than that obtained by passing large bubbles of air 
through the solution. The size of the air-delivery tube was varied from the 
usual 3-4 mm. aperture of the tubing to a fine jet. Also pieces of boiled 
cane were tried in order to produce minute bubbles. This last method 
doubtless results in the most efficient aeration, but the control of the rate of 
bubbling from cane when twenty or thirty bottles are running in parallel is 
difficult, and eventually no attempt was made to reduce the size of bubbles, 
the air being delivered from the normal aperture of the tube. Under these 
conditions regulation is a simple matter. On April 13 the length of the 
longest root of each plant was measured, with the following results: 

Average root length of aerated plants: 35*3 cm. ± o*8. 

,, j, ,, ,, unaeiated ,, 34**4 j? i 

At this stage therefore there was no significant difference in the root lengths 
of the two series. Possibly owing to the change of culture solution, these 
two series did not make satisfactory growth, and on May 28 they were 
harvested, dried, and the plants of each series were weighed e/i masse instead 
of individually. The weights are given in Table V. 

Table V, 

Dry Weight {in grm.) per Plant of Maize in Water-adtnre* 

. . Series. Shoots. ' . Hoots. ' IVhoIe Plants. 

'■'Aerated ' 0.9S 0-31 1.29 

Control ■ 1*02 0.34 ■ i'.36 

The differences between the two series are undoubtedly within the limits 
^ of" 4 he'experimental error, although no .calculation of the error' is possible. 
"This experiment indicated that maize, although apparently sensitive to soil 
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aeration in pot-culture, did not respond to aeration of the culture solution 
when grown in water»culture. Further experiments with maize were deferred 
until 1931 in order that they could be conducted concurrently with further 
soihciikures, and other water-culture experiments were carried out using 
wallflowers- 

Experiment 2, It was thought that the roots of plants in water-culture 
might be efficiently aerated by growing in the solution a small sprig of 
a water plant, such as Elodea canadensis. In daylight the oxygen produced 
during photosynthesis by this plant escapes in very small bubbles, and it was 
considered that a slow succession of these bubbles would oxygenate the 
culture solution, and at the same time the CO2 in solution would be removed* 
As a preliminary, a series of twelve cultures was set up, each consisting of 
six plants, in wide-mouthed jars. Six of the jars were of earthenware and 
six of glass, and thus the roots of thirty-six plants were in darkness and 
the remainder in the light. The plants were held by cotton-wool plugs in 
holes in a disc of thick cardboard covering the mouth of the jar* Into each 
of the six glass jars a small sprig of Elodea was introduced. Three cultures 
(eighteen plants) of each series were also aerated twice daily by blowing air 
through the solution for a few minutes by means of a rubber bulb* This 
method was not regarded as being entirely satisfactory, but at the time it was 
the best available. The seedlings were selected for uniformity from a large 
batch, and were set up on August 23/1920. The solution was of the same 
composition as in the previous experiment and was renewed frequently, and 
also the positions of the cultures were changed in rotation. Leaf counts 
were made at intervals, but after a time it became evident that the number 
of leaves was not a real guide to the size of the plant, since the leaves of the 
plants aerated by Elodea were noticeably larger than those of the other 
cultures. The results of the leaf counts are given in Table VI. 


Table VI. 

Total Number of Leasjes in Series of Eighteen Plants of Wallflower^ in 
Water-culture, Solution Aerated in Various Waps. 


Date. 

rV 2 ? Elodea, Roots m dark. 

Aerated by Elodea, 

Roots not darkened. 


Control. 

Additional 

Aeration. 

No additional 
Aeration. 

Additional 

Aeration. 

August 29' 

125 


127 

129 

Sept. I 

Sept. 5 

141 

143 

■138 

H 5 

161 

165 

164 

171 

Sept. 9 

172 ■ 

183 

181 

189 

Sept. 15' 

190 

203 

300 

211 


, The probable error of these figures is approximately per' cent.The' 
leaf number shows a tendency to increase as the amount of aeration; increases, 
being: lo,' per cent, greater in the fourth series than in the control, and:'with 
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this must be coupled the observation that the leaves were larger in the fourth 
series than in the control. This observation was confirmed by the dry 
weight results when the plants were dried and weighed on September 37. 
Each culture of six plants was weighed separately, and thus the average 
weight for each series represents only three weights of six plants each 
(Table VII). This doubtless accounts for the large probable error. 


Table VII. 

Series, 


Control 

Roots in dark, aerated by bulb 
Roots in light, aerated by Elodea 
,, ,, ,5 aerated by both, methods 


Bry[ Weight, 
grm. 

0-89+ 0.12 
1.04 + 0*17 
1*36 + 0*12 
1*27 +0.06 


Owing to the small number of cultures it is perhaps inadvisable to 
generalize from these results, except to point out that the differences between 
the first series and the third and fourth are significant. The results were 
sufficiently striking to warrant a further experiment on the same lines, which 
was therefore initiated in spite of the lateness of the season. 

Experiment p. The culture vessels in this experiment were the same 
as in Experiment i, i^%oo c.c. milk-bottles, and the solution used was also 
the same. Each vessel contained one plant. The cultures were set up on 
October i in three series of thirteen each. Series A was a control, the 
culture vessels being covered with black paper. The vessels in Series B 
were also covered, and air was bubbled continuously through the solutions as 
in Experiment i. Series C had no covers on the bottles, so that the roots 
were in the light, and a little Elodea was introduced into each. The cultures 
were grown for fifty-six days, but the growth was small owing to the season. 
At the time of harvesting, root length was measured and the leaves were 
counted. Each plant was weighed separately. The results are shown in 
Table VIIL 


Table VIIL 


Wallflower in Water-culture^ under different Conditions of Root Aeratmi. 


Series. 

A. Control' ' 

B. Aerated continnonsly 

C. Aerated by Elodea ' 


Eoot Length. 
cm. 

i9±o*9 

15+0*6 
^5±o-4 ■ 


No. of Leaves. 

24 + 0.3 
24 + 0.4 
24 + 0.6 


Dry Weight, 
mg. 

10.^ ±3*6 
116 + 3.4 
■I37±4*7 


The difference in length of root is marked, and it has been observed in 
'every case; in which plants have been grown in water-culture'with, their 
roots fn'.the 'light that these roots are much shorter than the , roots , of cultures 
'in' darkened, bottles. The roots which have been in the ,light also , have. 
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a greater dry weight than roots in the dark, as will be seen in later experi™ 
ments, but it is certain that some of this increase is due to the accumulation 
of green algae, which is usually present and which cannot be entirely 
removed* In the present experiment the quantity of algae, for some 
unknown reason, was very small. The account given by Cannon and Free 
(6) of the changes of root form which accompany changes of aeration condi¬ 
tion, suggests that short, thick roots are produced under anaerobic conditions. 
In the present experiments they were produced under conditions of more, 
rather than less aeration. The light may have been the active factor in 
preventing growth in length in Series C and in experiments described below, 
but not in Series B, 

The dry weights of the plants again show an increase as the result of 
aeration by Elodea, whilst the increase due to continuous aeration is of 
doubtful significance. The leaf numbers were identical in all three cases, 
and since the weight is greater in the aerated series, it is again emphasized 
that the size of the leaves is greater. This confirms the observation in the 
previous experiment. 

Experiments 4 andj. In 1921 two series of water-culture experiments 
were conducted concurrently with the pot-culture series, maize (Giant Cara- 
gua) from the same sample being used. These two experiments 'were very 
similar, and may be dealt with together. In Experiment 4 the plants were 
growing in the 1,200 c.c. narrow-necked vessels, and the growth period 
extended from March i till April 25. In Experiment 5 the culture- 
vessels were wide-mouthed jars of i,coo c.c. capacity, and the growth 
period covered 54 days from March 6 to April 29. The culture solutions 
and general treatment were the same as in the previous experiment. No 
measurements of root length were made, and no leaf counts were taken. 
At the close of the experiment the plants were gathered, and dried and 
weighed separately. The average dry weights are shown in Table IX. 

Table IX. 


Erf Weight {in grmi) of Maize in Water-cultMre under different 
Conditions of Root Aeration, 


Expt. 

Series (13 plants 
to each). 

Shoots, 

Roots, 

Whole Plant, 

Root , 

--—■ Raito, 
Shoot 

4 ^' , 

Control 

o«7S +o-o6 

0*31+0.02 

1-09+ 0.0S 

0.40 


Aerated continiionsly 

0.69+0*05 

0*28 + 0.02 

o'.97 + 0.07 

0.41 


Aerated by Mlodea 

0.7,1'±0.05 . 

0.49 + 0.05 

1.21+0.07 

0.69 

5 * 

Control 

o- 75±<=*«^5 

0.30 + 0-02 

1.05+0.07 

0*40 


Aerated continnonsly 

0.79 + 0.05 

0*30 ±0*02 

1.08+0*07 

.0..38 


Aerated by Elodea 

0*86 + 0.05 

0.46 + 0*09 

1*32+0*09' 

0*54 


■ ' In this' table' the weights,of ■ the■ roots are included, but It,'should' 
be . emphasized , that,' the'' weight of . roots' grown' in: the light InGlude a 
'considerable ,quantity"^of algae,; and" it:is..uncertain how, .far' these,:are^ 
responsible for the. higher'weight. ^ Gonseque.ntly, in the;case''of the,'.,series 
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aerated by means of Elodea^ only the shoot weights can be considered 
reliable. The difference in root weight is clearly brought out in the last 
column, where the ratio of root to shoot is shown to be practically identical 
in all series where the roots were darkened. In the series with roots in the 
light the ratio is considerably increased. It was again observed in these 
two series that the roots'of aerated plants were much shorter than in the 
control series. 

Apart from the points just considered, there is no difference between 
any of the series which can be said to be significant, and these two experi¬ 
ments confirm the indication given by the maize experiment in 1.920, that 
this plant does not respond to aeration in water-culture, although it has 
been demonstrated that when the plant is grown in soil, an increase in dry 
weight results from aeration. 4 

Experimefit 6. A further experiment with wallflowers was carried out 
in 1921. The cultural conditions were quite similar to those in previous 
experiments, the plants being grown in 1,000 c.c. vessels for 36 days. Only 
two series were set up, one of which was aerated by Elodea, and the other 
acted as a control. Sixteen plants constituted the control series and thirteen 
the aerated series. No distinction was made between roots and shoots. 
The average dry weights per plant were as follow: 

Control series . . 0*64Hh*02 grm. 

Aerated series . . . . . 0*88+ *05 „ 

The difference of 38 per cent is doubtless partly accounted for by the 
algae on the roots of the aerated series. 

Experiment 7. In this case seedlings of Chempodium album were used, 
and the cultural conditions were similar to those of previous experiments. 
The duration of the experiment was 29 days (June 7--July 6). Two series 
of six cultures, each culture containing two plants, were set up, one series 
being aerated by Elodea and one serving as a control. The plants grew 
well and uniformly, so that in spite of the small number of plants the 
probable error of the averages proved to be quite low. Table X gives the 
average dry weights. , 

Table X. 

Dry Weight [in grml) of Chenopodimn m Water-mlture under 
different Conditions of Root Aeration, 

Senes, Shoois, Soots* Whole Flmits, fjdot 

Control o* 93 +o-o 6 o*^9±o*oi 1.11 + 0.07 0.21 

' Aerated by 1.36 ±o-o6 0-42+0.01 1.78 + 0.07 0.51 ' 

In this case again the ratio of root to shoot has been increased 50 per 
cent.' in the. aerated' series, and'at the same time "the. shoot .weight waS' 
"increased nearly'50, per cent' This plant responds to"a marked; extent 
to. aeration ill'water-culture* 
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The experiments which have been recorded in this paper show that 
maize may respond to aeration of the soil In which it grows, but it has not 
been found possible to demonstrate any increase in growth of maize in 
water-culture as the result of aeration. Ckeirantlms and Chempodmm 
in water-culture gave greater yield of dry weight as a result of aeration 
of the culture solution. No analysis of the cause of this increased yield has 
been attempted. It may be due to oxygenation of the solution or to the 
removal of respired CO2, but on the other hand it is possible that another 
factor may be concerned. Aeration of a water-culture solution by bubbling 
a stream of air through it, results in a very thorough circulation within the 
solution. The consequence of this is that not only is any solid matter 
present, such as phosphates, kept in movement and distributed throughout 
the solution, but also local concentrations or dilutions of nutrients, due to 
the absorption by the growing roots, are prevented. Thus the roots are 
supplied with a nutrient medium representative of the whole solution 
instead of being dependent upon diffusion for the renewal of salts removed 
locally by absorption. In the absence of any data with regard to local con¬ 
centrations in nutrient solutions, this incidental stirring effect of aeration 
can hardly be neglected. 

The response of a plant to soil aeration must be determined by two 
factors (apart from any toxic effect of CO2), the quantity of oxygen 
required by the roots and the quantity of oxygen available. This latter 
factor is dependent on the rate of diffusion through the soil and also on the 
rate at which oxygen may pass to roots through the internal aeration 
system of the plant. Thus, a plant with a large oxygen requirement 
may grow satisfactorily in a soil with a low oxygen supply, owing to its 
capacity for internal conduction of air. Such a plant could not be expected 
to respond by more rapid growth to additional soil aeration, and the failure 
of the plant to respond to soil aeration may thus be due to the fact that it 
is not sensitive to the treatment. This is hardly likely to have been the 
case with maize, wdiich showed a response to soil aeration when grown in 
soil-culture. Lack of response may also be due to insufficiency of aeration. 
It is possible that even the continuous stream of bubbles which was,main¬ 
tained in water-culture experiments, was insufficient to reduce the COg 
content, or to increase the oxygen content of thC' nutrient solution to a 
point at which an effect on growth was' produced. A further possibility is 
that, although the^ plants may be sensitive to root aeration, the conditions of 
water-culture were such that the plants were unable to respond, owing 
to' the limiting effect .of some other factor. For example, it may be 
impossible, owing to the slight solubility, of oxygen, to raise 'the oxygen 
' contentA)f the culture solution sufficiently to,influence appreciably the rate; 
of oxygen absorption by the .roots. . 

The .Influence'of' daily aeration ■ of , the culture saliitioii hf .MUdea' 
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is noteworthy* Whilst these experiments were in progress it was found that 
Bergman ( 3 ) had adopted a similar method of aeration, and found that day 
aeration by means of Ehdea was effective in increasing oxygen content and 
decreasing COo,content of the culture liquid. In the present experiments 
it was intended that the aeration should be brought about by Elodea^ but 
in effect the algae which grew on the walls of the vessel and on the roots 
of the plants, owing to the culture vessel not being darkened, doubtless 
affected the oxygen and CO^ content of the solution. The differences in 
root dry weight which have resulted from aeration by E lode a have been 
rejected in considering the above records of experiments owing to the 
presence of an unknown weight of algae, but examination of these roots 
was sufficient to convince the writer that the quantity of algae was quite 
inadequate to account for the large increase of root dry weight which 
was sometimes observed, and that therefore a real increase had occurred. 
Whether this increase and the increase in shoot dry weight were due to 
aeration or whether the exposure of the roots to light had any effect 
has not been determined. An additional complication arises from the 
fact that Elodea and algae are absorbing small quantities of nutrient 
material from the culture solution, and although this factor probably acts 
deleteriously towards the culture plants, it must be recognized that the 
difference in the cultural conditions in series aerated by water-plants, and 
control series is not only a difference of aeration. 

■ if 

Summary. 

Maize in soil-culture shows an increase in dry weight if the soil is 
aerated. The COo content of the atmosphei'e of a loam increases rapidly 
if the soil is in a sealed pot, reaching i per cent, in two hours and 34 per 
cent, in twenty-three days. 

In water-culture maize failed to respond to aeration of the nutrient 
solution. 

Wallflowers and Clmtopodium album showed considerable increase in 
dry weight, as the result of aeration. A similar increase followed aeration 
of the culture solution during daylight by means of Elodea. 

The increase in weight in wallflowers was due to an increase in leaf 


size. 
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The Spermatia of Rhodymenia palmata, Ag. 
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Witia fotir Figures in the Text. 

O WING to the minute size and very limited seasonal periodicity of the 
male reproductive organs of the Florideae, the spermatia of this group 
are less well known than either the procarps or the tetraspores, and, indeed, 
complete descriptions of them are only to be found for comparatively few , 
species. 

In the case under consideration, the well-known red alga Rhodymenia 
palmata, though the spermatial fronds have previously been often sought 
for among the masses of material found on exposed rocky shores in the 
Northern Hemisphere, there are only two isolated records of their discovery 
and recognition. Thuret (12), in an article published in 1855, gives a figure 
of the transverse section of a male thallus, accompanied by a short note in the 
text to the effect that he has found male fronds in the winter, and on them 
the antheridia are arranged in pale sori^ of irregular shape. This figure is 
reproduced by Oltmanns (8, 9 ), but with no comment on it or mention of the 
spermatia in the text. Buffham ( 1 ), forty years later, records the fact that 
he found several plants at Swanage in June, bearing dingy green patches, 
and these in section show elongated cells, while he adds; ^ I cannot but 
think it probable that these curious patches of so-called antheridia have no' . 
fecundating .corpuscules, and they may, indeed, be, a case of degeneration 
from progenitors possessing the necessary capacities/ 

1 Strictly'.speaking, this term 'should’be reserved for asexual reproduetive 'Organs, such as the 
.sporangia of ferns. In practice, however,. it is ■ convenient and, we think, not misleading .to use 
,'t'he term, for more'or less definitely o.rganiEed groups of sexual reproductive organs such as those found 
in. the .red,'algae. ' .A,similar: licence'is taken .by Svedelius. in describing the spermatia'of Deiesseria' 
(Svensk Bot, .Tid.,: 1912, Bd'. vi, 239).,. 

'v 'lAmaals of Botany,'VoL XXXVPI. No.'CL.,April, 1934. 
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While visiting Shanklin, Isle of V/ight, in February 1923, the authors 
first came across the male fronds when examining some fresh material of 
Rhodymenia pahnata. Having once recognized the fronds^ it was found on 
returning to the shore that they were present in large numbers and were 
quite as prevalent at that season as the tetrasporic plants; out of about 300 
plants taken at random from different parts of the shore and examined, 
quite one-third were found to be bearing spermatia. On revisiting Shanklin 



Fig. I. Photograph of a spermatial frond Oii Rhodymmia palmata showing the irregular pale 
sori oh the lower portions of the thallus, the apices being non-fertile. (This photograph was kindly 
taken for us from one of our herbarium specimens by Mr. J. Ritson.) 

in April the fronds were still present, though noticeably fewer in number. 
Fronds have been found in other places, such as Broadstairs, where the 
young male thalH were only just developing in March; this may be 
accounted for by the greater exposure of the shore as compared with the 
ridge'Of "rock, ;at Shanklin. Also-at .Swanage ^ there was nO' difficulty in 
finding the fronds in the month of April, though these had disappeared in 
'June, 'while material, sent from'Guernsey in March and' from'''the north'coast 
,'of Cornwall in April showed the presence of male fronds there. ■ ■, It,'appears 
r _ fronds are developed for a short season 
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beginning in February or even earlier and closing in May or June according 
to locality. 

The spermatia occur upon male plants, and in outward fornij size, &c., 
the latter do not differ in any way from the sterile ones. The sori in,which 
the spermatia are developed are on either or both surfaces of the tliailus, and 
are present as small pale patches or as large irregular developments covering 
the surface of the frond with the exception of the apex, which, in our 
experience, is never fertile (Fig. i). 

The sori, which are very similar to the easily recognized tetrasporic 
patches found on other plants, can soon be distinguished by their paler 
colour, their lack of any hard definite 
outline, and by the fact that they are 
not raised above the surface of the 
frond to the same extent as the 
tetrasporic sori. Often every frond 
on a spermatial plant may be found to 
be covered with sori; at other times 
some of the fronds are sterile, while in 
at least one case a plant has been found 
bearing spermatia on some fronds and 
tetraspores on others. 

Fronds were fixed on the shore 
in various ways in order to avoid 
shrinkage of the tissues. When neces¬ 
sary to preserve material for examina¬ 
tion and sectioning, a mixture of 50 
per cent, alcohol and 50 per cent, glycerine in equal proportions was found to 
be the most effective. For microscopic examination, apart from cytological 
observations, it Was found that the best results were obtained from hand- 
sections stained and mounted in pure glycerine, rather than from mierotomed 
sections in Canada balsam. No matter how carefully the process of de¬ 
hydration in microtoming, was carried on, the gelatinous walls of the 
antheridia invariably shrank.. and sections similar to those represented in 
Fig. 4 resulted (cf. Fig.. 3, hand-sectionS' mounted in glycerine). This' 
shrinkage of the walls no doubt accounts for the, difficulty many workers 
on spermatia have had in deciding where .walls are actually present, and 
the shrunken condition can indeed often be seen in figures of spermatia'' 
,'(11, p. 239). 

.. ' A transverse section through a vegetative frond shows that the thallus, 
consists of ,a,'central axis of several rows of large' cells, with one or more 
:'...layers..'of,superficial,' cells containing''plastids,.the whole, being covered by 
'a,firm gelatinous membra'ne. 

,;. ''In'a young ,male,''frond'where there Is only a single .row',of 'superfi,ci,aI 

. . ■ ■ ^ 



Fig. 2. Outline drawing of a transverse 
section of a frond showing the formation of 
young spermatial sori by means of the divi¬ 
sions of the superticial cells of the thallus. 

X 230. 
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cells, the first sign of the formation of a sorus consists in the transverse 
division of these cells over a large or small area (Fig. a); of the two cells 
thus formed, the lower one, which is more deeply pigmented, forms the basal 
cell of the antheridial group, and the upper one the antheridial mother-cell,^ 
which gives rise to the antheridia containing the spermatia (Fig. 3, d). In 
an older frond where transverse divisions have already taken place in the ■ 
superficial cells, the two uppermost rows of cells over a soral area become 




Fig. 3. Camera lucida drawings, showing the formation of spermatia. x laoo, 
au Basal cell and antheridial mother-cell. From the latter, one fully-formed antheridiiim has 
been developed, and another, (right) is forming. 
h. Ripe spermatium about to escape from ruptured gelatinous sheath (i. e. antheridiiim). 
c-'. Two antheridial mother-cells, each giving rise to two antheridia. 

d. Escaping spermatia (right), showing the cavity left at the base of the gelatinous sheath 
before the latter has shrunk back. Left—a young antheridiiim. 

Stages in development of secondary antheridia, 

f. Primary spermatium being constricted off from the protoplast of the antheridial mother- 

cell. 

g. Left—a secondary antheridium arising within the old antheridial wall. Right—a section 

passing through a developing antheridium, showing the thick gelatinous wails left by 
previous antheridia. 

the basal.cells and the antheridial mother-cells respectively. Each antheri- 
'dial, mother-cell is somewhat two-sided at the apex and possesses a thick 
gelatinous wall , On the formation of a spermatium a small bud is put out 
at one side of the mother-cell; this bud increases in size, stretching the 
gelatinous''Wall until it is about equal in length to the cell from which ,it 
''arose :(Fig. 3, d), ' An oblique wall is-then formed as a ring-like ingrowth, 


^ The terminology applied to the groups of cells which in the red algae ultimately give rise to 
spermatia is somewhat vague. We have in the main adopted the nomenclature in use by Oltmanns 
(S,,,0),. as it appears to be-more in accordance with the usage in' other algaLgroups. The term 
antheridium-is therefore given to that-cell in which the- spermatium is formed,'and,'from'-,-which'-It 
escapes. The- cell subtending the antheridium (or' antheridia, as'the case may be) is Termed the 
antheridial■ mother-cell (the Spermatangiummutterzelle ’ of' Svedelius,- 10), while ,the''sister^cell 
b-eneath, it is referred to as the basal celL 
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constricting off the protoplast (Fig. 3, /), which appears as an oblong 
colourless body, apparently naked and vacuolate; this is the young.sperma- 
tium within the wall of the antheridium. As the spermatium ripens it 
becomes larger, growing more nearly spherical, though often rounded at the 
apex and pointed at the base (Fig. 3, c). Finally the gelatinous wall 
ruptures^ apparently by internal pressure (Fig. 3. b, d), and the spermatium 
escapes, leaving the outer wall behind as a shrunken sheath with a torn and 
ragged aperture (Fig. 3, e). Hand-sections from fresh or from unslirunken 
preserved material show clearly that the 
spermatium is distinctly clothed in its 
own gelatinous wall ^ (Fig. 3, d). 

More than one antheridium is, how¬ 
ever, developed from the antheridiai 
mother-cell, for while the first is maturing 
a second is gradually forming by its 
side (Fig. 3, b). At the time of the dis¬ 
charge of the first, the second one is just 
going to be, or has just been, constricted 
off from the opposite side of the antheri- 
dial mother-cell, and it in turn produces 
a solitary spermatium which escapes 
through an irregular opening in the apex 
of the antheridium. 

In the meantime a new antheridium 
has developed within the old ruptured 
sheath of the first one, and a new sper¬ 



matium, breaking through its antheridiai 


FIG. 4. Camera Iiicida drawing of a 
transverse section through, a spermatial 
sonis. The nuclei of the, antheridiai 
mother-cells are seen undergoing kar^^o- 
kinetic division. In the ripe spermatia the 
nuclei are seen in the characteristic elon¬ 
gated condition. Gelatinous wails of the 
antheridia not visible. Microtomed section. 
X iSoo. 


wail, slips out through this sheath (Fig. 

3, How often this alternate process 

in the formation of antheridia is repeated is not known, as it is impossible 
always, to tell how many spermatia have slipped out through the origina! 
sheaths on either side; observation shows that each antheridiai mother-cell 
can produce in alternate succession at least four spermatia—-two on either 
side of the apex.”' No amoeboid movement was seen in freshly discharged 
male reproductive cells when examined in sea-water. 

The spermatium nucleus is formed as the result of the division of the 
single nucleus of the aniheridial mother-cell, which takes place shortly before 
■ the spermatium is .constricted, off (Fig. 4), One of the' d'aughter nuclei, 
passes into the spermatium and lies at first near the apex, the cytoplasm at 
this' point .being distinctly vacuolate. '■ Later ^ the nucleus .may take.'.up' a' 
■central position,becoming there surrounded by vacuolate cytoplasm,■ ■'■.When 
'■'the' spermat'iu'm;'! ■discharged' the- nucleus;,is usually curved and c.iiribusly, 

!■'See discussion',.'p.■■ ■Compare p. 332'. ■''' 
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elongated (Fig, 4), sometimes appearing as though in the late prophase of 
a karyokiiietic division. The subsequent behaviour of the spermatiiim has 
not been investigated. 

In a former communication by one of us, it was suggested that the 
mucilaginous hairs found in small patches on the fronds of Rhodymenia 
palmata in the early months of the year were of the nature of trichogyneSs 
although mature carpospores had not then been found ( 3 ), It was also 
suggested that certain minute bodies found attached to the hairs might 
prove to be spermatial in nature; it seems, however, doubtful whether these 
bodies can be identical with the undoubted spermatia now described. No 
further evidence has been found of mature carpospores, and the suggestion 
is therefore made that a former sexual phase has been partially lost in 
this alga. 


Discussion. 

The development of the spermatia of Rkodymeiiia palmata follows in 
the main that of the higher Fiorideae already described by other observers 
(7, 10, 11). Certain details in the development are, however, worthy of 
further comment: 

(a) Successive Formation of Aitiheridia. 

A study of the available literature clearly shows that in the higher 
Fiorideae the anthericlial mother-cell usually forms more than one antheri- 
dium. Their number and position, however, vary in different genera. 

Thus in Martensia, Svedelius (10) states that a single antheridium is 
constricted off at the apex of a mother-cell and a new one is formed in the 
same position when the first has been shed. In .Melobesia^ terminal 
antheridia are constricted off successively, like conidia, before the release of 
those first formed (4, PL VI, Fig. 22, and 9, Fig. 571). 

On the other hand, in the Ceramiales, a slightly lateral position is more 
frequent, the antheridia being constricted off obliquely right and left of the 
apex; this has been described and figured by Svedelius for Delesseria' 
sangtdnea (11). Yamanouchi (14) figures a very similar development for the 
^ sperms'^ of Poly sip ho fda violacea^ and Kylin (7) states that in Laurencia 
finnatifida the mother-cell gives rise to ‘ three or four spermatangia 

According to Oltmanns (9) spermatangia (i.e. antheridia) in Griffithsia' 
are sometimes seen growing up through the empty wall of an older cell 
(7 and 9, Fig. 571), so that at least three or four antheridia would then be 
'.formed from one mother-cell. 

InlRhodymefiiapahnata, Fig. 3,^,shows a thick lamellate wall open''at 

;-*;;The; so-called'‘.sperms’ of" Yamanouchi are equivalent to the antheridia ofthe present'accG'unt,: 
'and to, the spermatangia ofKyiin and Oltmanns, since in Polysiphonia the whole antheridium Is said 
''to'become detached, and with its contents to fiincti6n|as'a spermatiiim.' 
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the top, surrounding the newly-formed antheridium. This wall appears to 
be the empty gelatinous sheaths of the two previously formed antheridiaj, 
from which the spermatia have been discharged. If this interpretation is 
correct, it seems probable that the formation of new antherldia from one 
mother-cell may continue indefinitely, 

(b) The Wall of the Spermatuim. 

The spermatia of the Florideae have been variously described as naked 
protoplasts (Schmitz, Svedelius, Kylin) or as clad in a delicate cell-wall 
(Guignard, Yamanouchi). The following are said to have naked spermatia : 

Nenialion nmltifidtmi —Cleland (2), 1919. 

Bairachospermtmi moniliforme —Kylin (6), 1917. 

Delesseria sanguinea —Svedelius (11), 1912. 

Rhcdomela virgata —Kylin (5), 1914. 

Folysiphonia nigrescens —Kylin (7), 

The following species are reported as having spermatia clothed with 
a delicate cell-wall: 

Folysiphonia violacea —Yamanouchi (14), 1906. 

Melobesia menibranacea —Guignard (4), 1889. 

Corallina officinalis —Yamanouchi (15), 1931, 

Rhodymenia palmata'— Delf and Grubb (this paper). 

Kylin (5 and 7) believes that the spermatium most often slips out from 
the antheridium as a naked protoplast. After escape, it * sooner or later' 
appears to have acquired a very thin wall. Kylin, however, states that it 
is possible that in some cases this thin membrane may be the innermost 
layer of the wall of the antheridium, which may be carried away in the 
escape of the spermatium. 

Yamanouchi, on the other hand, challenges this view (15), stating that 
a careful re-investigation would reveal the presence of a thin cell-wall 
around the spermatium in Delesseria sangninea, and also probably in other 
cases. It certainly seems unlikely that the two species of Folysiphoma 
quoted above should differ in this respect. 

Ill our experience the wall around the spermatium of Rhodymenia 
palmata is only clearly seen in material which has been carefully handled to 
'avoid, shrinkage; 'but it is impossible to say whether the wail is the innermost' 
layer of the''walT'of the antheridium or a new wall formed around the 
.spermatium. 

(c) The Nucleus of the Spermatmm* 

'■'The spermatia of the. Florideae appear to be'invariably uninucleate (cf. ■ 

9.:P-372)- 

In some cases, the nucleus appears to be in the resting condition, 
which in according to Kylin, is prolonged until after the escape 

of the spermatium (7); but more often the nucleus appears to contain a 



334 


Delf and Grubb,— The Spermatia of 

number of chromatin granules ('Kornchen^), as though in the propliase of 
division^ In Poljsiphoriia violacea these granules are twenty in number, and 
Yamanoiichi (14) considers that they represent the chromosomes of the 
typical gametophytic nucleus. The nucleus of'the spermatium of Delesseria 
sanguinea also has twenty chromatin granules, and Svedeliiis ( 11 ) describes 
this as a late prophase of nuclear division in which the haploid number of 
chromosomes appears. 

In Rhodymenia palmaia the curved nucleus appears to have two 
aggregates of chromatin separated by a narrower band. The whole is 
surrounded by a paler area, and suggests somewhat a curved nucleus in 
prophase with aggregated ‘ Kornchen ’ (Fig. 4). 

These indications of nuclear division are of some interest, since it was 
shown by Wolffe in 1904 ( 13 ), ^nd confirmed by Cleland in 1919 (2), that in 
Nemalion the nucleus of the spermatium divides into two when the 
spermatium is attached to the trichogyne, only one of the daughter nuclei 
taking part in fertilization. This division appears to be tentatively initiated 
but never completed in the spermatia of the majority of the higher Florideae 
hitherto investigated. 

(d) The Homology of the Spermatium, 

In most cases the Floridean spermatium is described as^^ formed from 
th% whole contents of the antheridium. Only Svedelius m Delesseria 
sangtiinea (11) describes and figures spermatia in the formation of which 
part of the cytoplasm of the antheridium remains unused. In a more recent 
account of the same species, however, Kylin ( 7 ) states that the lohole 
contents of the antheridium escape. 

Appearances similar to those figured by Svedelius have been observed 
by us in Rhodymenia palmata^ but seem to be merely optical illusions. In 
every case where a spermatium is seen to have escaped, the wall of the 
antheridium remains behind as an empty shell (Fig. 3, e). 

Assuming that the whole contents of the antheridium go to form the 
spermatium, the latter has been compared with the single spermatozoid 
which slips out of the antheridium in Coleochaete as a naked motile gamete, 
but this comparison obviously breaks down if the observations recorded in 
section (b) are correct. The spermatium in the Florideae must then be of 
the' nature of 'an antheridium, as has indeed already' been , suggested ' by 
Yamanouchi ( 14 ). This theory lends support to the view that the membrane 
round the'Spermatium is itself the inner, layer of the antheridial, wall '(ch 
P-333)- 


Summary. 

1 . Speraiatial' fronds oi Rhodymeniapalmata have been discovered and 
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2. These fronds are developed from February to June in different 
localities, and closely resemble those of sterile or tetrasporic plants^ 

3. The male fronds are covered on both sides with flat irregular 
patches of sori. 

4. The young sorus consists of numerous antheridiai mother-celis, 
superficial in origin and each subtended by a basal cell. 

5. Each antheridiai mother-cell buds off alternately right and left from 
its apex an antheridium containing a solitary spermatiiim. 

6. Each spermatiiim, when ripe, is extruded from the torn apex of the 
antlieridiimi, and is seen to be surrounded by a delicate membrane. 

7. In Rhodymenia palmata it has been shown that the male reproduc¬ 
tive organs are fully developed, the female being perhaps vestigial 

Westfield College, London. 

December 1923, 
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The Ovule and the Development of the Female 
Gametophyte of Macrozamia Fraseri. 


BY 

K. E. LIGHT, B.Sc., 

Asszstmzt Lecttirer and Demonstrator at the Royal Holloway College, University of London. 
With Plate X and twenty-six Figures in the Text. 

Introduction. 

O VULES of Macrozamia Fraseri were examined for the general struc¬ 
ture of a cycadean ovule. The material had been collected by 
Professor M, Benson in the latter part of the summer of 1914 at Fremantle^ 
Australia, while on the British Association Expedition. A few ovules only 
were available, but they were in a young condition, showing several stages 
in the development of the female gametophyte. The stages obtained were, 
however, those ranging only from free nuclear division to a sac filled with 
cellular endosperm. In the oldest condition no archegonia had developed. 
A further examination showed that those ovules in which the endosperm 
was in the free nuclear stage were very well preserved. All the typical 
stages in mitosis were found, even in one sac, and the transitional figures 
presented some interesting points. 

The material had been fixed in alcohol as soon as possible after the 
cone had been collected. The free nuclear stage alone showed good preser¬ 
vation as regards any cytological details. 

Reference to the literature on the Cycads showed that not only was 
Macrozamia one of the least investigated' of the Cycad genera, but the 
records of the early development .of the endosperm for any genus were very 
fragmentary. ■' The following account will deal with these points in 
particular: 

I. The development of the endosperm. 

,, 3. ;. Gertain details of mitosis. 

'As' regards'theTemale,,'gametophyte'of Macrozamia^ Ghamberlain: ( 1 ); 
lias described "female.'cones of Macrozamia Moarei, but the' endosperm, had^. 

'',..CAimaIsofEc>tany,,VaLXXXVni.No..'eL.■ 
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reached its full size and showed archegonia. In other generaj a row of 
megaspores has been figured for Ceratommia (2), Zamia ( 3 ), and Stangeria 
( 4 )j the functional megaspore being the first cell of the female gametophyte. 
In Stangeria Lang showed the subsequent growth of the megasporCj the 
gamctophyte being represented by a layer of cytoplasm with numerous 
nuclei: no stage between that and a cellular endosperm being obtained* 
In Dioon Chamberlain ( 5 ) found ovules early in November with a cellular 
gametophyte. He suggested that this condition had been succeeded by the 
formation of very large cells which had divided repeatedly. The cells 
showed no visible food contents, the peripheral layer being smaller than the 
others, Caldwell (6), working on Microcycas, found no early stages, but 
from the structure of the adult tissue concluded that it had arisen in a cen¬ 
tripetal manner. The cells showed a radial*arrangement, and a median 
line was distinct, formed by the abutting tissues. 

The exact position of our records regarding endosperm formation in 
theCycads is stated clearly by Coulter and Chamberlain ( 7 ): jAlthougli cell 
formation has not been studied among Cycads, it is evident that it begins 
at the periphery of the embryo sac and advances towards the centre, as has 
been described for other Gymnosperms.’ 

The Ovule of Macrozamia. 

The only .material available for investigation was of Macrommia 
Fraseri and another smaller species referred to here as Macrozamia sp. 
The ovules, in both cases two in number, are borne on the sporophyll, one 
on either side of the stalk, as in most genera of the group. Reference to 
Text-figs. I and 2^ will indicate the difference between the sporophylls of 
these two species. In Macrozamia Fraseri there is some evidence .of the 
leaf-like nature to be seen in the somewhat serrated margin of the organ, 
but this is not apparent in the smaller form. Both drawings ■were made of 
these species at the time when free nuclear division is occurring in the 
gametophyte. The sporophylls were hard and woody, forming'a close 
compact cone. The upper and lower sporophylls were sterile. 

, ; , In the smaller species, certain observations were made as regards the 
anatomy. In the cone peduncle the normal arrangement of the Cycadaceae 
is present. There is a ring of about ten vascular strands in the median 
region, each' being of the normal endarch collateral type,, and only centri-,, 
fugal wood is present. Traces are given off as single strands in a spiral 
, dividing into two in the cortex (Text-fig..3). These traces may fuse and do 
;; not supply any appendages. , The main strands of the peduncle' divide and.' 
■'■''Tuse',throughout' their,',course, so that the' number'remains approximately' 
constant' ^ ^ 

'/■'The. peduncle 'is in .direct, continuation, of the, cone, .axis.,' :.;In' this,the'. 
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structure is similar, but, owing to the vascular supply to the sporophylls, the 
number of strands in any transverse section is greater. The sporophyli 
traces show this difference from the traces below in the peduncle. They are 



I. 2. 

Text-figs, i, 2. i. Macrozamia Fraseri,% sporophyli. 2. Macrozamia s^., 2 sporophyli. 



double,arising-'by' division' of two■ separate strands- of the a-xiS :-(Text-, 

fig‘ 4 )- : . ■ . V ,r . 

These traces pass out almost at right angles, since the sporophyli is 

borne practically at right angles to the axis. The traces divide in the 

cortex, one bundle divifling soon after leaving the main ring. The division 
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results in tlie formation of a smaller median strand (Text-fig. 4)« Division 
of tlie two outer strands takes place, so that the strand, by becoming con¬ 
centric first, divides, leaving a smaller strand with inverse orientation and 
two other strands with normal orientation. Thus the sporophyll is supplied 
with seven strands. Further division was found to occur in some cases; 
this is figured in Text-figs. 5 and 6, but it may not occur until later in the 
sporophyll The outer strands are generally larger than the inner ones. 
Of the five strands which lie nearer to the abaxial surface, the median one 
passes up the sporophyllj remaining sterile in that it only supplies the sporo- 
phylL Throughout its course, it gradually becomes concentric, finally 



Text-figs. 5-7. Macrozamia sp. 5. Division 01 sporophyll traces in cortex of cone axis; 
traces numbered. 6. Transverse section of stalk of sporophyll. 7. Diagram of vascular supply to 
2 sporophyll. 


dividing into three, the strand nearer the adaxial surface soon ending in the 
parenchyma. , Similarly, the inner strands on either side of the median are 
also sterile. The two pairs of outer strands, inversely orientated, supply the 
ovule, as shown in Text-fig. 7, one branch of the adaxial strand being sterile. 
Thus the ovule is supplied with the double vascular system characteristic of' 
a'cycadean ovule (Text-fig. 8). 

The vascular supply to the ovule of Macrommia Fraseri not 
investigated, as material of the sporophylls was not available. In all proba¬ 
bility, thoughmore complex, it will be found to conform to a similar plan. 

During the development of the endosperm, the ovule does not appear, 
to undergo much alteration after free, nuclear .division has advanced" con¬ 
siderably.'. The ovule', show a much, elongated nucellus.ih .the micropylar 
regioo'(Text-fig. 8), but no differentiation has occurred in' the ,'integument 
and, no disorganization "to form "a pollen chamber'has taken place in" the 
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Bucellar apex. The ovules of Macrozamia Fraseri measured approximately 
i cni» in length and 0-5 cm. in width, the endosperm forming a sac 0-5 cm. 
ill length and 0-35 cm. in width. 

The Development of the Endosperm in Macrozamia Frasrrl 

The youngest stage showed free nuclear division of the one functional 
megaspore in active process. The sac had reached the size given above. 
There was a large central vacuole and a parietal layer of nuclei embedded in 
cytoplasm surrounding the sac. It was difficult to make any accurate 
estimation of the number of free nuclei in any one sac owing to the fact 
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Text-figs. 8, 9. Macrosamm Fraseri. 8. Ovule in transverse and longitudinal (right) 
section. 9. Development of 2 gainetophyte; free nuclear division, free nuclei in cytoplasm; 
4 2-layered megaspore membrane; c, tapetal layers; d, cells crushed by developing megaspore. 



that divisions did not always proceed in a regular way, i.e. division was not 
always strictly simultaneous. A rough estimation indicated that in all 
probability in Macrozamia Fraseri wall-formation does not occur until after 
the tenth division—that is, after the formation of i .024 nuclei. 

It w^as this stage, with its hundreds of dividing nuclei, presenting such 
a striking scene, which led to this investigation. The appearance is shown 
in' Plate X, Fig. i, where several nuclei are seen in metaphase. This 
was only a fragment of the whole endosperm. The method employed for 
this stage was as follows: The sac was removed' from its^ iiucellus and 
integument, opened and laid out on a slide, and stained. The megaspore 
membrane could'be quite easily removed, leaving the thin layer':of proto- 
plasm with the dividing'nuclei. For later stages in the formation of the 
'endosperm, it was found advisable 'to embed in paraffin'and section the. 

'material Various stains were employed, but in general Heidenhaiii's 'iron- 
alum-haematoxylin method and Flemming's triple gave the best results., 

',' .In: this condition the'.megaspore membrane is very diffi'Cult to section,, 
but 'after ' iprolonged '"infiltration'', of. paraffinit was,. evident that it "is a .'two-;" 
, layered:"Stro'cture. The exosporium and.'endosporium were' Of 'equal ..'thick-,: 
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nessj the whole membrane being about 0*5 /x in thickness* Its double 
nature was also evident from the facts that both parts reacted differently to 
stains^ and that a distinct curling of the membrane often took place; this is 
10 agreement with the results of Thomson (8) on the megaspore membrane 
of the group* External to the membrane are two or three layers of cells in 
a disorganizing condition ; the cells are often miiltinucleate and the nuclei 
react vigorously to stains suggestive of degenerating nuclei. These two 
layers form a tapetum, and several layers external to these are crushed by 
the growth of the developing megaspore (Text-fig. 9). 

During the telophase of the last free nuclear division^ while the daughter 




Text-figs. IOj ii, Macrozmnia FraserL Development of ijgaraetophyte. 10. Wall-formation. 

ir. Parietal wall-formation. 

nuclei are being organized, the spindle is noticeably persistent, reacting 
readily to stains such as gentian violet and iron-alum-haematoxylin. 
Radiations are conspicuous at the poles. Wall-formation is initiated in the 
following way: Each daughter nucleus becomes gradually surrounded by 
radiations in the cytoplasm, which extend until they appear to reach those 
from neighbouring nuclei. Each daughter nucleus thus becomes connected 
to four, five, or six other nuclei (Text-fig. 10). These radiations result in 
the formation of a number of spindles, the radiations of which are generally 
coarser than those of the original spindle. The surrounding cytoplasm 
appears coarsely granular. ■ 

The first indications of the cell plate appear on the mitotic spindle as 
thickenings which stain very readily, and are situated midway between the 
sister nuclei. These increase in amount, while the fibrillar appearance 
near the sister nuclei decreases. ' While, this plate is forming granular 
thickenings appear' on the^ other spindles. Each nucleus is then enclosed 
by , a , wall usually pentagonal or hexagonal in outline." ; The '.radiations dis-,, 
appear and the' nuclei pass into a resting state'(Text-fig;,ii)f'''.'This cell-' 
'plate formation proceeds throughout, the ■.parietal nuclei. 'Thus,the' free 
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nude! become partitioned off, but the wall does not attach them to the 
megaspore membrane, and they are open to the centre of the sac. 

Division of these nuclei, followed by walls across the spindles, com¬ 
pletes the formation of a small-celled layer, leaving again nuclei open to 
the centre. In this way, growth of the endosperm takes place until the sac 
is filled with tissue (Text-figs. 12, 13). After the first small-celled layer 
the cells are long and tubular, but later these become divided into smaller 
cells, the resulting cellular endosperm being a comparatively regular tissue 
(Text-fig. 14). 

Though it is obvious that since centripetal growth of cells occurs 
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Text-figs. 12-14. Macrosafnia Fraseri. 12. CentripetaT development of endosperm. 
.a^ small-celled external layer; <?>, long tubular cell; c, division of tubular cell. i?,. Centripetal 
growth of endosperm. 14. Cellular endosperm. 


there must be formed a definite median line from the abutting cells, no such 
line was found. 

The endosperm then in Macrozamia Fraseri has been shown to occur 
in the following stages : 

1. Free nuclear division, 

2. Parietal wall-formation, 

3. Centripetal development, 

resulting in a comparatively regular tissue with no intercellular, spaces. 


The Mitotic Division. 

' In the free nuclear division stage, the nuclei were found giving all the 
typical division figures in the one sac, and several hundreds were, examined 
in' each , stage. In spite of the^ method 'of fixation the nuclei' were'appa¬ 
rently,: well preserved.' Unfortunately, there was no,possibility of anyxom- 
parisoii with material fixed in the'usual cytological fixatives./' In any,'ease 
'aiew/oft'he'observations.made'm'ay.be'of generalinterest. , . 

In-the resting nuclei, 'One or two. large nucleoli were present,,containing; 
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definite crystalline material. This is apparently dissolved away in pro¬ 
phase, though very often clear crystals were obtained in the nucleoli present 
in the spireme figures. The nucleoli generally appear in close contact with 
some portion of the spireme, and as the latter increases in chromatin, the 
nucleoli decrease and have disappeared by metaplia.se. The reticulum is 
very indefinite during rest, and all limits of the chromosome complex would 
appear to be lost. In telophase, however, a distinct spireme condition is 



' MemBr'.ane . 


Spireme 



i8. 


19. 


Text-figs. 15-19. Macro%amia Fraseri, 15. Spireme segmenting to form twelve chromo¬ 
somes. 16, 17 <2, and 17 b* Later stages showing further changes within the nuclear cavity. iS and 
19. Contraction of the nuclear area. 




passed through before rest, and as division begins the reticulum appears as 
a very long, fine, irregularly staining thread which gradually shortens and 
thickens as division proceeds. The thread in late prophase shows very 
clear vacuolate portions, which may be indications that the thread is longi¬ 
tudinally split. As uncut nuclei were only examined at this stage, details 
regarding this point were not obtained. The slit is clearly evident at meta¬ 
phase. The thread does not appear homogeneous, but definite clear areas 
{not staiiiable in haematoxylin and safranin) define the limit of the cliromo- 
somes. As the shortening of the thread proceeds, it becomes segmented 
^ unto, twelve'Jong chromosomes, a camera'lucid a .drawing of which is"'shown 
iu; Text-fig.' 15. 
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A change in form of the nucleus is often noticeable during the spireme 
changes. The nucleus changes from a spherical to an ellipsoidal form ; the 
spireme is so placed within, that it winds parallel to the longer axis of the 
nucleus. Two other observations appear significant at this stage* The 
nuclear membrane stains irregularly and' at some points very deeply with 
iron-alum-haematoxylin, and a denseness occurs in the nuclear sap, gradually 
increasing so that the limits of the spireme are no longer visible* Fine 
thread-like radiations appear just within the membrane. No changes in 




Text-figs. 20-24/;. Macrozamia Fraseri^ 20-23. Further stages in nnclear diyision; the ana¬ 
phase shows twelve chromosomes. 24 a, F'tision of nuclei, 24 Abnormal division. 


the external cytoplasm were noticeable. An attempt to represent this is 
shown in Text-figs. 16, 17^2, and 17 These changes cannot alone be 
attributed to fixation, since a gradual series can be traced from one nucleus 
to the next In one sac leading to definite spindles. Undoubtedly they 
represent in the fixed material a series of changes resulting in the achro¬ 
matic figure. ' . ■ 

Reference to Text-figs. 18, 19,- will show that a definite contraction'of the 
nuclear area occurs ; the radiations extend, at first only at certain points into 
'the surrounding, cytoplasm. Gradually,' however, the membrane; is nO" 
longer apparent''at any point and^ a' multipolar figure is formed, the chromo¬ 
somes being crowded together in the central region.. The .spindle becomes 
,.bipolar and the, chromosomes, lie at right angles. to the spindle'in the ■■■equa¬ 
torial plate. Thus'metapha'se is reached (Text-figs. eOs 'ei).':, ' ' 

■ ''Various pO'lar views were obtained' of this condition, sho^wing/the' form 

A a' ■ 
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and arrangement and number of the chromosomes. There were clearly 
twelve chomosomes; two or three were of a bent or hooked formj later 
evident in anaphase, but otherwise no distinction could be made between 
them. Their curled form did not allow measurement to be made, though 
in anaphase figures one chromosome seemed generally larger than the rest, 
showing a tendency to break up into two portions (Text-figs. 23). 

In one sac, many nuclei were larger than the others and of irregu¬ 
lar form with lobed nucleoli. Together with these were some dividing, 
showing in anaphase a complement of chromosomes in excess of twelve. It 
is suggested that fusion between nuclei in free nuclear division may occur, 
and these may later undergo further division ; such an abnormal condition is 
figured in Text-figs. 24 24 b. The later stages in division appear without 
any particular point of interest. In telophase, the chromosomes form into 
a spireme which forms loops round the periphery of the newly forming 
membrane ; the arrangement is very definite, each portion shows vacuolate 
areas, and connexions between neighbouring loops become established. 


Discussion. 

The events described in this paper for the endosperm of MacroBaniia 
indicate that in Cycads the development of this tissue conforms to the 
general type found throughout the Gymnosperms (excluding the Gnetales), 
as suggested by Coulter and Chamberlain. No attempt has been made to 
record a survey of the literature relating to the subject, but two accounts in 
particular figure stages which show a close parallel with those in Macro- 
zamia FraserL These are found in papers by Lawson ( 9 ) on Sequoia 
sefnpervirefts. and Carothers (10) on Ginkgo biloba. Throughout the investi¬ 
gation oi Macro zamia material, a gradual decrease in size of the nucleus 
was noticeable as growth of the endosperm increased. With this may be 
placed the fact that abnormal fusions and divisions of nuclei may occur. 
The endosperm in Gymnosperms is undoubtedly ganietophytic as regards 
its chromosome content, and it is a tissue comparatively short-lived and 
functioning for the most part to provide nourishment for a developing 
embryo. It is not then unlikely that a gradual decrease in nuclear size 
should be found as the tissue matures (excluding the archegonia), or that 
abnormalities should occur where division is rapid. 

In following the mitotic division, the chromosome number was found 
to be twelve- This number is seen to be in agreement with other records 
for the Cycads. It has been recorded for Cycas revoluta, 

'Siangeria. paradoxa^, Dioon edule^ Chamberlain/ ( 4 , 3 )^' Zamia Fioridana, 
■Cetatozumia mexicana, Smith' (12, ’ 13 ). Also ■ in two' cases,' ' Cjcas ' ' and' 
the,diploid number has,been counted as twenty-four. ■: From'^the 
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present records^ this number twelve seems to be a surprisingly constant 
number throughout the whole group of Gymnosperms. 

The formation of the spindle presented several points of interest The 
preliminary elongation of the nucleus during prophasej the variability of the 
reaction of the membrane to stains, the increasing denseness in the nuclear 
sap, and the contraction of the nucleus are all regarded as relating to the 
formation of the achromatic figure. That the latter is, in its origin, entirely 
intranuclear seems quite evident, though there is no case in which its 
intranuclear form was seen as late as metaphase. Intranuclear metaphase 
figures are shown by Chamberlain in free nuclear division in the embryo, 
but from various accounts it does not seem a constant feature even in that 
tissue. 

The elongation of the nucleus does suggest some possible external 
influence or merely a secondary result of changes occurring between the 
karyolymph and the cytoplasm. That centrosomes do occur in Cycads is 
evident from Chamberlain’s and other figures of spermatogenesis, but their 
absence as indicated by staining reactions does not disprove their existence. 

The radiations at the poles of the spindles are very similar to 
the astral radiations of centrosomes, and these may indicate the presence 
of otherwise invisible centrosomal bodies initiating repeated division, and 
possibly exerting some external influence on the nucleus. That changes 
occur between the karyolymph and the external cytoplasm is possible, since 
a definite contraction is seen in the nuclear area. This contraction suggests 
that some exosmosis occurs. Taken with this is the increase in staining 
capacity of the membrane. This is regarded as suggestive of its dissolution. 
In some cases a granular precipitate marked the position of the membrane. 
Changes obviously occur whatever may be the actual nature of the so-called 
membrane, resulting possibly in changes in permeability. Where karyo¬ 
lymph and cytoplasm meet some change occurs which gives in fixed 
material a remarkable denseness within the nucleus, 

A similar contraction of the nuclear area has been recorded by Miss 
Nothnagel '( 14 ) in the pollen-mother divisions in Ailum% and changes in intra-' 
nuclear substance as the result of .reactions between karyolymph and cyto¬ 
plasm by Devisd ( 15 ) in the Larch microsporocytes. ■ The suggestive paper 
of Cannon ( 16 ) on ‘ the,nature of the centrosomal force’, taken with recent 
work on micro-dissection, is of great interest.. In its-application to plant', 
cells several difficulties present themselves, Le. the .absence of the centro- 
some and the ■ presence of intranuclear spindles. ' These one supposes 
vanish, on the acceptance that the essentials of the centrosomal, force are 
present - if'.the visible limits of such a-body are ,absent. , In -the free nuclear' 
.divisions in'Macrozamia^ as'indeed in subsequent divfsio'os, the spindles lie 
-always in the'direction "of the greater protoplasmic mass,, .and', "show' ..a , fairly 
'constant- length; "Its limitation as' suggested by ■ Cannon would''.not - be; 

' ' A-a 2 
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similar to those of a walled cell, but would be limited probably by the 
repellent forces between the poles and the chromosomes, between the two 
poles, and between each pole and those poles of other figures surrounding it 
Whether the multipolar state of the developing spindle could be directly 
due to centrosomal action is difficult to say. 

In free nuclear division, the dividing centrosomes, providing the oscib 
lating bodies necessary for Cannon's theory, as they moved apart repelling 
one another, might interfere with other dividing centrosomes. Thus they 
would form at first a number of centres to which radiating streams of 
material would move before the final position of each centrosome was 
arrived at, and the bipolar condition attained. Obviously, it is not a point 
upon which a definite statement can be made. 

Summary. 

I. The formation of the endosperm in Macrozamia Fraseri is described 
as proceeding in three stages: free nuclear division, parietal wall-formation, 
centripetal development. 

3 . The haploid chromosome number is found to be twelve. 

3. The mitotic division of the endosperm nuclei is described. 
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EXPLANATION OF PLATE X. 

Illustrating Miss Light’s paper on Macrommia Fraseri^ 

Figs. 1-4 are microphotographs taken of portions of the Endosperm in the free nuclear stage. 

Fig. I, Numbers of dividing nuclei in metaphase, showing one polar view of chromosomes. 
Fig. 2. Later stages in division, anaphase, and telophase. 

Fig. 3. Parietal wall-formation beginning, granular thickenings on mitotic spindles. 

Fig. 4. One nucleus from Fig. 2, enlarged, (x about 1,000). 
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Physiology of the Genus Eidamia. 
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With four Figures in the Text. 

I Introduction. 

I N the course of an investigation of gooseberry disease in East Sussex 
it was found necessary by one of us (G. H. J.) to endeavour to isolate 
parasites from diseased gooseberry wood. Many different fungi were 
isolated In an impure condition, including one which produced a brown 
filmy growth in potato mush agar, which owed its appearance to the 
presence of large brown tuberculate spores. The original cultures were 
contaminated by bacteria and a species of Fnsanum^ hnt latter pure cul¬ 
tures. were obtained from these by the usual methods. This fungus, when 
examined, was observed to present an extraordinaiy resemblance in' the' 
method of branching and spore production to the genus 
of' Delacroix. A' more thorough search, howevei', revealed the. presence 
of a second aspergilliform type of sporophore which is a critical character 
of the gonus: Stdamia (Lindau). This type was of rare occurrence, and 
at first very difficult to find when known to be present in the" cultures, 
but later it was . found possible to- render it quite obvious if the . prepara-' 
tions were stained with cotton blue. ■ Since the fungus does not appear 
to be identical with any species hitherto described,: the authors regard, it-as,' 
a new species'within the .genus Midamia^znd propose the nzmt: of Eidamm 
ttihercnlata ^' having" regard, to the tuberculate.. macrospores. ''. 

I Asinals of Botany,, Vol. XXXVIII. Ho. CL. April, i9!a!4»1 
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IL Morphological Characters. 

The funguSj when grown on potato mush agar at 25° C., forms a 
colourless mycelium consisting of repeatedly branched hyphae^ usually 
3~5 in diameter. 

The macrospores are usually borne singly, though in two different ways. 
They may be situated on straight sporophores of variable length inserted 
laterally upon the main hyphae (Fig. 3), or they may be borne on sporophores 
which exhibit the peculiar monopodial branching which is so marked a 
feature of the genus Mojiopodium (Fig. i, ff). The macrospores are 



I, Eidamia tuberculata. Macrospore stage. young branched conidiophore; h, older 
stage; inacrospores ; dj macrospores connected by isthmus (grown in agar). 

brown, tuberculate, thick walled, spherical or very slightly ovoid, and 
usually exhibit variations in size between 18 x 17 ju and 24 x 22 /x (Fig. i, e). 
The spore-coat consists of a delicate intine and a thick brown warted 
extine approximately 1-1*5 m thick. The spore contents are hyaline, and 
occasionally highly refractive globules are present 

The conidia (microspores) are borne typically upon conidiophores of 
the Aspergillus type (Fig, a^ b), but exceptionally the swollen head is 
absent: and "the sterigmata are grouped together on slightly swollen 
lateral "hyphae, as originally noted by Bainier and Eidam (Fig. The 

typical y conidiophores ■■ are of variable length, 80-160/x, and ' sometimes 
branched, (Fig. 4<2). ■ The apical' head varies from 12 x lOjM to ao x 141a"in 
aizeL ■■The^sterigmata ;are':fiask-shaped, 3“-4pt. wide at the, base and^4”-6iLx, 
long.' „ The, conidia, which "are ■ hyaline, spherical or ovoid, .and , 
in diam'eterj' are' 'borne' "api'cally^ either-,in'':short, chains'"or- groups on -the' 
sterigmata,'■ , , 
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Xhe !iiicrospoi*6 fructifications exhibit a ver}'^ close resemblance to 
those of Ezdamia acremonioides (see H. and W.j p. 395, Figs, 

The following deviations from the typical morphological structure 
are sometimes present in cultures: 

(a) The .macrospores may be borne on sterigmata of a similar shape to. 




B'ig. 2. Eidamiaiziberculata, Microspore stage, young conidiophore of the aspergilliform 
type ; older stage; tr, sterigmata borne on a hyplia. 



a sterigma bearing a young macrospore; b, c, simple coaidiophores bearing catenulate sterigmata; 
t'/y young macrospore bearing catenulate sterigmata. 

Fig. 4. Eidamia iubercuiata. ■ Microspore sti^e (semi-diagrammatic), tr,, branched conid,io- 
phore of the aspergillifomi type;' b, sterigmata attached to' spherical bodies ■ arising from the 
globular head. 

but larger than, those which bear microspores. In such cases the ■ sporo- 
phore bears a ,single sterigma at its apex, or rarely two or more catenulate 
sterigmata, of which only the terminal one hears a macrospore (Figf 3}*, ■ 

" '{B) A macrospore' borne on'.a simple sporophore may. terminate. In, 
a sterigma or.catenulate sterigmata (Fig.,3,4^). 
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(c) Sometimes a second macrospore occurs situated at the antical end 
of the first* When grown on agar without other nutrient two. macro- 
spores with a short connecting isthmus were occasionally observed 

(Fig* 1,4 

(d) A lateral hypha resembling a simple sporophore for the greater 
part of its length exhibits monopodial branching at its extremity. 

(e) The swollen apex of the microsporophore may bear spherical pro¬ 
tuberances to which the sterigmata are attached (Fig. 4, b), 

(/) The swollen apex of the microsporophore may bear short hyphal 
branches, each terminating in a sterigma, in addition to sterigmata attached 
in the normal manner. 

Most of these features were observed in cultures of Eidamia tubercidata 
in potato mush agar. Similar deviations from the typical structure were 
exhibited by E« acremonioides when grown in this medium. 

Eidamia tuberctdaia^ n. sp. 

Mycelium hyaiinum vel brunneum, septatum, ramosum, plerumque 
3-5/x latum; conidiophora erecta, hyalina, simplicia vel ramosa, plerumque 
8o-i6o|x longa, ad apices turgida, la x 10-20 x 14/xsterigmata lageniformia, 
ad basim 3-5jx lata, 4-76jx longa, turn ad apicem turgidum conidiophori turn 
ad hypham ipsam deposita; conidia (microsporae) hyalina sphaerica, 1*5-5 M 
diam. vel subovoidea 4 x 5 ; macrosporophora simplicia 2,8 x 48 jx longa vel 
monopodialiter ramosa ramis hyalinis vel brunnels; sterigmata (saepe 
absenta) microsporophoris similia sed longiora; macrosporae brunneae, 
tuberculatae, pachydermaticae, sphaericae vel subovoideae, 18 x 17-24 x 22 fx, 
solitariae vel binae catenularii formantis. 

E, acremonioides similis sed macrosporis tiiberculatis, mycelio copiosis- 
sime et microsporis rarioribus differt.^ 

III. Physiological Characters. 

A. Growth on Nutrient Media {Plate Cultures). 

Series of parallel cultures oi E. acremonioides and 4 * tuberculata were 
set up using CrabllFs medium, potato mush agar, and potato extract agar 
at three different temperatures (20°, 25"^, and 30® C.). After seven days the 
following results were obtained: 

, , At 30"^ C. no growth in both cases, except that E, tuberculata produced 
E' small colony, of dense texture on. potato mush agar, 

, At 25® C. a well-marked growth difference ■ between the two species 
when' gfo,w,n .in Grabiirs medium and potato extract agar was apparent, E. 

'producing growth .of a feeble character, whereas, in the case'of ■ 

'..The atitHors'.are indebted.to'Ramsbottom, of the British Museum (Natural Histoiy), 
'.■'for this''%sc;riptior!. 
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E. tnberculata a dense mycelial felt associated with marked sporulation was 
formed* Both species produce well-marked growth in potato mush agar, 
though the former distinction, notably in relation to mycelial growth, 
which is the predominating feature in E, iuberculata, is still obvious. 
In E, acremonioides the colour of the culture is tawny olive to Saccardo’s 
umber, whereas in E, itiberculata sepia predominates. 

At 20° C. there was again a well-marked difference between the two 
species. 

{a) CrabilFs medhmu In the case of E, acremonioides the growth was 
of a filmy spreading character, whereas that of E. inbercnlata was more 
compact and exhibited fluffy aerial mycelium. 

(b) Potato extract agar. The differences are of a similar character. 
The growth of E, tnberctdata is more compact, and the colony possesses 
a more strongly defined margin than is evident in Crabill at this 
temperature. 

{c) Potato mush agar. E. tuherctdata exhibits a dense mycelial felt 
somewhat similar to that formed at 25° C., but the colour in the substratum 
is slightly more intense and the sporing more prolific. The colour of sepia 
predominates. In E. acremonioides the growth is less pronounced than at 
25° C. and^sporing less prolific. Saccardo’s umber is the predominating 
colour. 

From these results it is evident that E. tuberculaia is a more vigor¬ 
ous fungus than E. acre^nonioides. A similar conclusion was reached from 
observations on parallel series of cultures in all three media kept at 
room temperature (variable). 

Very little difference in the amount and nature of the growth and 
colouring present in parallel cultures on these media developed in the 
light and dark respectively. 

With regard to temperature relations, Horne and Williamson give 
20° C, as the approximate optimum temperature for E. acremonioides. 
This is in agreement with the results obtained here for Crabiirs medium 
and potato extract agar. In the case of E. tuberculaia little difference in 
the growth produced both on Crabilks medium and potato mush agar 
at and 25° C. could-be detected, whereas in potato extract agar more 
growth occurred at 25° C.. ■ ■ ■ , 

B, Growth in Carbohydrate and Protein, 

I. Starch. 

Petri dishes containing GrabilFs medium were inoculated with E. mre-' 
monimdes E. tuberculaia respectively, and kept for seven days at '20° G. 
In the case of E. acremonioides the- fungus, made little growth, while'under 
the same conditions E. tuberetdaia had almost,/covered'the;plate.v.'vOnv^ 
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flooding the plate with iodine solution the whole of the medium containing 
E. acremonioides remained blue, but in the case of E, tubercidaia a circular 
area (lenticular in cross-section) 5*5 mm. in diameter remained colourless, 
indicating complete hydrolysis: this area was surrounded by a zone, 4 to 
8 mm. in width, of a reddish colour indicating the presence of erythrodextriii. 
Owing to the difference in the amount of mycelial growth produced by the 
species the results are not strictly comparable. When areas of equal 
mycelial growth were compared, again E. acremonioides showed no sign of 
starch hydrolysis, whereas E. tuherculata gave evidence of a vigorous 
reaction—no evidence of starch hydrolysis by E, acremonioides was obtained 
by Horne and Williamson when this species was grown in solutions con¬ 
taining starch (H. and W., p. 405). 

3, Glucose. {H. and W., pp. 4013 403.) 

Flasks containing a 4 per cent, concentration of glucose were inoculated 
with E. acremonioides and E. tuberculata and kept for five weeks at 30° C. 

Result:— E. acremonioides. Very feeble growth, involution forms pre¬ 
dominate : normal macrospores present: microspore stage absent. 

E. tuberculata. Thin surface growth with abundant gelatinous growth 
in the liquid: mycelium closely packed with highly refractive bodies; 
macrospores in moderate abundance, smaller and darker than those occur¬ 
ring in peptone and peptone-glucose, macrosporophores usually simple : 
the monopodial type of branching not typically developed : microspore 
stage not observed. Liquid neutral to litmus (as control). 

3. Sucrose. (H. and W^*, p. 403.) 

Flasks containing sucrose in 4 per cent, concentration were inoculated 
and kept for five weeks at C. 

Result x—E. acremonioides. Very feeble growth. No inversion. 

E. tuberculata. Somewhat cloudy submerged growth. Inversion 
(strong precipitate with Fehling). 

■' 4. Peptone. . (FL and W.,'p. 407). 

Flasks containing a 2 per cent, concentration of peptone were inocu¬ 
lated and kept at 20"^ C. for five weeks. 

Result:— E. acremonioides. A thin superficial mycelial growth: olive 
brown, closely septate hyphae present : numerous macrospores of the usual 
: type■ present: microspore stage common: conidia almost invariably in, 
groups. Liquid neutral to litmus (as control). Ammonia not evolved. 

E. tuberculata. Dense surface growth : numerous macrospores of 
iiorma!:type, presentthe first macrospore sometimes'bears a' second:'its'" 
antical end involution spore types, present microspore stage not'observed. 
Liquid slightly alkaline,. ■' Ammonia-liberated. 
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5. Peptone and Glucose, (H. and W., p. 408.) 

Flasks containing peptone in per cent, and glucose in 4 per cent, con-- 
centration were inoculated and kept for five weeks at 20° C. 

Result:— E. acremo7zioides. Moderate superficial growth. Yqtj 
numerous macrospores which are occasionally borne on relatively large 
fiask-shaped sterigmata or swollen end-cells : typical mlcrospore stage not 
observed. Liquid slightly acid to litmus (as control). Ammonia not 
evolved, 

E, tuberctdaia. Prolific growth: macrospores of normal type very 
numerous: microspore stage not observed. Liquid slightly alkaline. 
Ammonia evolved. 

IV. The Identity of Monopodium uredopsis, Delacroix, 

AND EIDAMIA ACREMONIOIDES, HARZ. 

In connexion with a survey of the genus Eidavzia Home and William¬ 
son came to the conclusion that the identity of Mompoditmi uredopsis^^ 
Delacroix, and Eidamia acremonioides would be ultimately established^ 
since Monopodium uredopsis^ according to Delacroix’s description of the 
fungus, appears to differ from Eidamia acremonioides only in the absence of 
a microspore stage—the monopodial method of branching of the macro- 
sporophore and the macrospores themselves exhibiting extraordinary 
similarity in the two cases. Since the publication of Horne and William¬ 
son’s work, the present authors have obtained a culture of Monopodium 
uredopsis from the Centraalbureaii voor Schimmelcultures, Baarn. The 
medium upon which the fungus was growing when it was received consisted 
of a nutrient agar upon which a few grains of wheat had been placed. The 
culture was two months old when examined. In its filmy appearance and 
colour (due to the macrospores) the growth in the tube presented a strong 
resemblance to Eidamia acremonioides. An equally striking resemblance 
was presented in morphological chai'acters; in fact, no general deviation in 
the method of branching, form of conidiophore, and shape and dimeosioos 
of'the macrospores could be detected. .Nevertheless, although a thorough 
search was made, no trace of a microspore stage was observed. 

Subcultures on potato mush' agar, ;using ■ iiioculant from the Baare 
culture, w^ere. then made.' At the end of ten days these cultures were 
examined in detail, and. a microspore stage was discovered which resembled 
the aspergiliiform conidial'stage obtaining m E. acremonioides^ in 'every 
particular, ,, , 

The resemblance wilLbe made'perfectly clear if the. following; data 
obtained from , the'growth in , potato .mush'agar are co.oipared. with' those 
given ioT Eidmnm^acremmioides ifl. and ,W., p."394}'. ' 

. Macrospore' conidiophores : simple,, reaching 100 p. long,'.'.branched 'in: 
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a monopodia! manner; branches hyaline or brown, usually about 28 |i, but 
sometimes 48 \l long. Macrospores brown with smooth wall, obovoid, 
16-36 X 16-26 /i with extreme dimensions \6\x in diam. and 36 x 25 

Microsporophore hyaline, often exceeding 160ft long; aspergilliform 
heads average about 20x18 ft. Microspores also borne on the mycelium. 
Sterigmata flask-shaped, 4 x 5-6 ft. Conidia chiefly in groups and spherical, 
averaging 1*5-3 M diam. and occasionally larger (4x5 ft). 

The chief tests which proved useful in establishing the physiological 
relations between the species of Eidamia have been employed in the case of 
Monopodiiim uredopsis ; as a result the reactions exhibited by this fungus 
towards starch, sugar, peptone, &c., prove to be the same as those given by 
Eidamia acremonioides. 

The following facts may be regarded as established : 

1. The characters presented by the Baarn growth of Monopodmm uredopsis 

agree with those described for the fungus by Delacroix. 

2. The characters presented by the Baarn growth of Eidamia acre¬ 

monioides agree with those described for the fungus by Harz. 

3. The fungus present in the culture of Eidamia acremonioides is identical 

with that in the culture of Monopodium uredopsis. 

Langioisula macrospora (see slides by Smith and Pethybridge in the 
British Museum of Natural History) is morphologically indistinguishable 
from Monopodium uredopsis. In the light of the facts explained above it 
seems quite certain that this fungus also is actually Eidamia acremonioides^ 
the microspore stage having been overlooked through obtaining growths in 
media unfavourable to microspore development. This fungus was errone¬ 
ously referred to the genus Langioisula., being quite unlike the type species 
Langioisula spinosa^ Ellis and Everhart. 

V. Discussion. 

Morpliologically E. iuberculata closely resembles E. acremonioides^ the 
outstanding differences being related to the structure of the macrospores— 
tiiberculate and smooth respectively. In both species the, macrospores are 
coloured brown and the microspores are situated either in groups or chains 
on 'Sterigmata; borne' on the swollen apex of the conidiophore, features 
wherein they differ, from E. catemdata and E. viridescens^ where the 'macro- 
spores are .hyaline and the sterigmata are not usually seated on an asper- 
gill'iform head.' , 

", In physiological characters, and E. acremonioides 

' several'well-marked differences which'are tabulated on p.'359, 

' Since; ''the,,, results; given 'in .the table: for E.McremomoideS''z,^mt'vmY) 

' ctosely with, those obtained by Horne,.and Williamson (H. 'and. W.,'pp. 402, ':. 
.406,,4,07, ,408) for the "Same .fungus, the .data given .for E. iuherculata „' 
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be fairly used for comparative purposes. In spite of the close morpho¬ 
logical resemblance exhibited by the two species, the difference in their 
reactions towards carbohydrate and protein is considerable in fact physio¬ 
logically. E. tubercidata —except in the power of fermenting sugar in 
peptone-glucose solutions—is in closer agreement with E. catennlata and 
E. viridesce7is, species which differ morphologically from it more widely. 


Medium. 

Starch. 

Cane sugar 
Glucose 

Peptone and 
glucose 

Peptone 

Protein hydrolysis 
(other than peptone) 
Malic acid 


E, tubercuiaia. 
well-marked hydrolysis 
inversion (strong reaction) 
moderate growth 
f prolific growth 
liquid rendered alkaline 
ammonia liberated 
f dense growth 
liquid rendered alkaline 
ammonia liberated 

pronounced 
feeble growth 


E. acremonioides. 
not hydrolysed 
not inverted 
very feeble growth 
much growth 
liquid acid 

ammonia’ not evolved 
feeble growth 
liquid neutral 
ammonia not evolved 

feeble growth 
no growth 


Although the hydrogen-ion concentration limits have not been deter¬ 
mined a range somewhat similar to that obtained for E. acremonioides 
(H. and W., pp. 409, 410) is indicated from its behaviour in malic acid. 

O wing to the relative infrequency of the occurrence of the microspore 
stage in cultural media, the comparative rarity of this stage in many media 
where it is present, and the fact that it is easily overlooked in unstained 
preparations, great care should be exercised in the diagnosis of fungi having 
a general resemblance to Monopodmm (macrospore stage of Eidamia^acre^ 
monioides). The importance of realizing that in certain media the species 
of Eidamia do not produce microspores has been emphasized in the 
section of this paper specially concerned with Monopoditmu 


Summary. 


I., A new species of Eidamia^ E. tubercidata^ is described which differs 
from E. acremonioides iii' possessing tuberculate macrospores and in its 
ability to hydrolyse starchy invert cane sugar, and decompose peptone. 

: 3. The Identity of Monopodium uredopsis, Delacroix,' and Etdamia 
Harz, is established. 
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A Preliminary Account of the Chromosomes and 
Chromosome Behaviour in the Salicaceae. 

BY 

KATHLEEN B. BLACKBURN 

AND 

J. VV. HESLOP HARRISON. 

With eleven Figures in the Text. 

T he work outlined in the present paper was undertaken with several 
ideas in view, the most important of which were as follows: 

I. It is well known that many of the species or microgenes of the Salica¬ 
ceae resemble the Rosae in their excessive polymorphism. In seeking for 
a cytological explanation of the situation in the Roses, we discovered that 
most of them possessed a peculiar chromosome complement which rendered 
a perfect heterotype division an impossibility. In addition the succeeding 
stages of microspore development showed other characteristic abnormalities 
developed. Comparing this unusual behaviour with that of recognized 
hybrids during the meiotic phase, we concluded that hybridity was the 
inciting cause. Since Saltx exhibits the same variability, we deemed it 
possible that the same root cause, hybridity, accounted for its peculiarities ; 
thus our problem led us to study meiosis in the Salicaceae in order to 
determine whether it was of the normal or of the Rose type. 

3. Recent work by Heribert-Nilsson has shown that, in the phen- 
hybrids between pairs of Salzx species exhibiting opposed and readily 
recognized characters such as leaf breadth, &c., the inheritance of such pro¬ 
ceeds on Mendelian lines. If the chromosomes form the mechanical basis 
ofMendelian phenomena, then in the micro- and megaspore formation of 
Salix hybrids many or all of the chromosomes should encounter partners 

in the stages leading to the reduction division. 

3. As the Salicaceae are dioecious we had hopes of demonstrating the 
existence of so-called sex-chromosomes in thier two genera. 

(Annals of Botany, Vol. XXXVm. No. CL. April, 1924-1 

Bb' : 
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4, Lastly, a comparative study of the chromosome complements of the 
species of Populus and Salix was clearly of paramount Importance in 
ascertaining their relations to each other, and thereby enabling some light 
to be cast on the systematic obscurity surrounding many of the species* 

Material and Methods. 

Most of our material was collected and determined by ourselves, but 
for much valuable assistance with rarer species we have to thank the 
Director of Kew Gardens, the Regius Keeper of the Edinburgh Botanic 
Gardens, and the Director of the Cambridge Botanic Gardens. We are 
also greatly indebted to Professor M. C. Potter for providing every possible 
facility for the carrying out of this research. 

Generally, the methods adopted were those set out in our paper on the 
Roses, but modifications in detail were necessary owing to the practical 
impossibility of cutting satisfactory sections from complete catkins in most 
species. In cases presenting difficulties, these arose from the dense vestiture 
of hairs on the bracts and axis, which rendered it essential to dissect out the 
individual stamens or carpels previous to fixation. 

All the figures w^ere drawn with a camera lucida and reduced to a 
magnification of 3,300, except Figs. 4, 9, and 11, of which the magnification 
is 3,000. 

Poptdus. 

The aspen (Popultis trenmla^ L.) was first submitted to examination, 
and the male catkins formed ideal material for cytological work. Every 
feature in the meiotic phase, from the resting-stage prior to synapsis, right 
through to the perfect microspore, proved diagrammatic in its beauty and 
simplicity. At both the heterotype and homotype divisions the iiumber of 
chromosomes found in horizontal plates was constantly nineteen. These 
were of unequal dimensions; nine were small ones of more or less uniform 
size'; nine others, larger' than these, formed a graded series beginning' 
with a member of just a little greater volume than the individual of the 
first group, and ending with one more than four times its volume. Lastly, 
there was a single chromosome, obviously compound in structure, nearly 
always appearing in a flat plate as four-lobed, equalling in volume, if not 
\ exceeding, that of any two of the other, eighteen. Rarely this.chromosome 
' displayed.;'one of its; lobes almost detached from the others (see' Fig, 
Furthermore,' six of the second series were , at times 'obscurely.'Com- 
.'.pound;in';structure.In, heterotype 'anaphases, when; both; of .the daughter: 
.'opiates;;could''be',.traced .'.and ;counted,...one ,:',of these-smaller.' chromosom,es'' 
appeared to. be homologous with ,a spherical 'non-lobed'one of distinctly 
;.sfnailer.'volume than, itself '{see 'Fig, paired 
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chromosomes have been detected in good profile views of the heterotype 
division (Fig. i, c) as well as at the diakinetic stage. 

For these results we rely on many perfect figures, and from them we 
are entitled to conclude (i) that the chromosomes here are entities with 
characteristics sufficiently well marked to enable one to identify them; 
{%) that some evidence exists of the presence of heterochromosomes, 
possibly sex-determining in their import, in the male of Poptdus trenmla. 
In the female none of our preparations showed significant stages, but, 
fortunately enough, in both male and female were able to make somatic 
counts, and these in every case were thirty-eight. 

Populus nigra^ Linn. Here, in the male, conditions were much the 



view of the metaphase. 

same as in'the aspen, and,the haploid number was nineteen, and the 
diploid thirty-eight. ' 

Papidus balsamifera^'hmn. No material presenting critical, stages in 
meiosis has been studied in the balsam poplar, but that dealt with yielded 
very' good somatic metaphase plates affording evidence that, in all proba¬ 
bility, the somatic number was seventy-six, in which case the species would 
■appea'r to.be'tetraploid. ' , 

The Salix Species, 

(a) Section Peniandrae ,, 

The, Pentandrae studied, included'two Salix. pemtaf^dra^^ T^i^ 

of European'.origin, SS hiciday Muhl., a native of'America. Of,'these,' 
both sexes were examined in'the, former'and"'offiy,the male''in,'the latter. 
So similar w^ere the males of S. pentandra zxiC SPlmidain pdllen develop- 

Bba 



364 B/mM'icru and Harrison,—A Preliminary Account of ike 

meiit that, despite the obvious differences between the two plants, one is 
tempted to see in them simply local races of one and the same species 
rather than a pair of representative species—more especially when the 
angusiifolia form of the European plant is considered. 

In both the haploid chromosome yield is thirty-eight, and, in addition, 
they agree in cell and chromosome size (cf. Fig. n, a and c). Just as in 
Populus irenmla, certain chromosomes seem lobed or complex, but in these 
two plants only three at the most are so built up, for nearly all are of equal 
size. Nevertheless, the evidence gained from their study suffices to support 
views as to the individuality and continuity of the chromosomes. The 
single heterotype plate detected in S, peniandra var. angusiifolia, female 
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Fig. 2. Sedion Fetitandrae , iz-o Fleterotype metaphases. 


(Fig. b), was in entire agreement with the heterotype plates of the male, both 
in the actual chromosome count and in individual characteristics. 

Somatic counts of over seventy chromosomes in Salix lucida and N. pe7i* 
tandra males, as well as in the female of the angusiifolia form of the latter, 
confirmed our opinion that reduction was normal in these two species. 

(b) ScciioB Amygdalinae, 

. Salix triandra, Linn. The first supply of the Almond-leaved Willow 
to, be considered came from Bedfordshire, and in this case, as in the aspen, 
the, counts made gave nineteen as the. haploid number (Fig. How¬ 

ever, both nuclear size and chromatin mass were inferior to those of 
either Populus trenmla or of Salix peniandra. Four largish chromosomes 
were subequal and more, or less markedly compound, thirteen' were roughly 
spherical in shape and fairly even in size, while two were quite small,, and, 
one,,in particular pronouncedly so (Fig. ^,a). The number nineteen'Eould 
be made " out with equal facility in, the, many' homotype plates available. 

■ Confirmatoiy of this number were observations of thirty-eight ■ chro,moso,mes 
made out ,111 a serie's, of som,at{c cells..'" 

Our other material Was provided by^ Ke'w, .and' quite naturally','we 
antic!p,ated"that J't .would .agree .with the former. /Such','agreeme,ot,„;,how-,,' 
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ever, was not found, for in every heterotype plate examined, as-well as in 
homotype metaphases, the number of chromosomes was twenty-two instead 
of the expected nineteen. The average chromosome size was somewhat 
greater than in the Bedfordshire material, and in the group of plates sub¬ 
mitted to critical examination the individual chromosomes seemed to be 
placed farther apart (see Fig. 3, b). From a prolonged consideration of the 
preparations we were driven to the conclusion that this second type of 
Salix triandra arises from the first through a break in one or more compound 
chromosomes homologous with those referred to in our discussion of Popidus 
treimda. 

In harmony with this second haploid number for the species were 
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Fig. 3. a-d. Heterotype metaphase plates. 


somatic counts made in the same material which gave totals of certainly 
more than fort}^ 

(c) Section Fragiles. 

Salix fragilis^ Linn., and its Basfordiana. In this species both 

the type and that supplied by Kew as var. Basfordiana were investigated. 

During the preparatory stages leading to the heterotype division, and 
at, the assembly of the bivalents for that stage, the chromosome number, 
general appearance, and behaviour differ but little from what ivas described 
for F. pentandra. Only in a slight sluggishness of the ■ individual chromo¬ 
somes in reaching the equatorial plate can any difference be made out« 
However, after that point, irregularities in procedure arise both in the type 
plant and' in the variety; some chromosomes lag on the plate, others at 
various positions on the spindle, thereby giving it a ragged appearance, 
whilst'yet others tend to wander out-into the cytoplasm. (Fig. 4, r). 

Thus, at the interkinesis, mkronuclei, recalling those- encountered' in 
R&saymaj.axiSQ. with consequent deficiencies in the reckoning at the homo-, 
type ■ 'division' (Fig. 4, d). Only occasionally, tlierefo,re, can the full'thirty- 
eight' be made out'at, that period' (see, however, Fig.' 4, e).. 'Compared "'with' 
the'''abno,'rmalities are, insignificant, and,,except that, micronuciei 
pass into the sphere "of infl„ueBce'of the major nuclei, tetrad'and pollen forma-' 
tion are, not, seriously disturbed (Fig.,4,/). 
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\j 

In this species we succeeded in securing good counts in somatic pro¬ 
phases when, as nearly as possible, seventy-six chromosomes could be seen 
(Fig. 4, b). 

(d) Section Albae. 

Salix alba, Linn. This species behaves in quite an ordinary manner at 



Fig, 4, S.fragilis^ a-f, Meiotic phases and somatic plate at b. 


each step in meiosis,, and therefore resembles Salix hicida and S, pentmidra 
rather ^2.Vi S-.fTagilis^ with ' which one is more inclined to associate it. 
Agaiiij the, reduced chromosome complement is thirty-eight (see Fig. 5), 
and the somatic count made' frptn ’the same material seventy-six.'', , 

(e) Section'Priiimsae., 

Salix daphmides, Yilh: '' "Once,, more 'we are; concerned . with a species 
■easily' : di the other . Salices, but from' the standpoint of its 
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cytology presenting no unusual features in microspore formation» When 
we compared it point by point with our Bedford S, iriandra little divergence 
was discoverable, although in S. dapknoides the average chromosome 
dimension seemed just a little greater (cf. Fig. 3, a and c), Salix daph- 
noides^ therefore, falls In line with the diploid Salix species and possesses 
a reduced complement of nineteen; with this figure the somatic count of 
thirty-eight, made in very many sections, is in strict accord.. 

(f) Section Purpiireae. 

Salix purpurea^ Linn. This species, likewise well characterized, also 
exhibits nineteen as its reduced chromosome number. Concerning its 
pollen formation little need be said, for the various stages leading to the 
appearance of the ripe pollen grain proceed with perfect smoothness. 
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Fig. 5, iS’. a/i>a. Heterotype metaphase. 

Fig. 6 . .S’, viminalis. Heterotype division, a. Anaphase plates S. h. Metaphase 


Preparations showing the different steps during meiosis cannot be distin¬ 
guished from parallel ones taken from S. dapimaides (cf. Fig. 3, e and d). 

Our preparations revealed no stages in the female beyond the synaptic 
knot, but in cells in the carpel wall this sex gave somatic determinations 
certainly over thirty-four but below forty—a figure agreeing with similar 
counts made in the male. 

(g) Section Viminales, 

' Salix viminalis^ Lion.' Again we meet a plant the specific characters 
of which are such as lead to its easy determination. 

Satisfactory preparations were made from both sexes, and in each case 
the haploid chromosome value of nineteen was determined (Fig. 6). 
Although pollen " development . throughout, appeared quite typical,; many 
interesting observations peculiar to the species, were made, the most .striking; 
of which were the , smallness of the individual chromosomes and their, even,-, 
nesS' In size,'two at ,the' most, and these only "to'a slight degree, being'Iarger 
than the rest. , In heterotypical anaphases, ,in the male material,'whereboth 
daughter plates'could be examined, ,a very slight disparity, waS''noticeaBte.^" 
between a member of this pair and its homologue (Fig-. 6, app^ p^^ 
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In both sexes the somatic count harmoni2ed with the preceding 
observations j and was made out to be thirty-eight. ■ 

(h) Section Capreae^ 

This groiips as far as its British representatives are concerned, com¬ 
prises within its limits three species, Salix Caprea, S.cinerea.dXiA S.aurita. 
So closely are these three forms allied that many workers, both here and 
abroad, look upon them as forming one Protean species, whilst others, pre¬ 
pared to concede that 5. aurita is a valid species, regard the other two as 
varieties of one species. However, the striations of the old wood are 
enough to enable one to separate 6'. Caprea and 6'. cmerea with the utmost 
facility, even independently of other obvious differences seen best when the 
plants are submitted to cax'eful study in the field. 

Salix auritaj Linn. Material for the study of this species was derived 
from several sources, but that originating from Waldridge Fell, Co. Durham, 
provided our best preparations. 

The stages leading to the heterotype division are very typical, and the 
metaphase plates reveal thirty-eight clear, well-spaced chromosomes (see 
Fig* 7 j a). Of these one is much larger than the others, which show 
differences in size similar to those mentioned in the case of Popultis tremula. 
The anaphases of this division show two perfectly even plates of separating 
chromosomes. 

While the stages subsequent to pollen formation may be quite normal, 
very frequently serious disturbances appear in the homotype division. For 
instance, one anther loculus, in addition to containing typical homotype 
metaphases, displayed pollen mother-cells provided with tripolar spindles as 
w^ell as irregular metaphase plates. Moreover, other homotype figures 
showed wandering chromosomes and, consequently, plates with chromosome 
numbers varying between twenty-one and twenty-nine. 

Similarly, the amount of good pollen in the various anthers could be 
anything between' 8 per cent, and 8o per cent. 

That the disturbing factor in these abnormal cases is not irregularity 
in xeduction is demonstrated by an excellent somatic plate which yielded an^ 
absolutely certain count of seventy-six chromosomes—a number also occur¬ 
ring; in' good somatic plates of the female. 

I /As Salix. aurita appears to be more or less, apomictical, these abnor¬ 
malities, are no'doubt connected with that curious phenomenon. 

'■ SaMxxmerea,lJirm. ; Like'its ally, just considered, 6'. p.ossesses 
"as its haploid', number thirty-eight chromosomes, and since ,its somatic com¬ 
plement, in both male,'and female,'was .seventy-six, as nearly as, one oould, 
determine,; reduction • occurs in ''the'„ordinary fashion.,,' Moreove'r,Tn',acco,ri-■ 
ance with anticipation,: its homo'type""plates' show thirty-eight' chromosomes'' 
likewise (see Fig.''7,,'^, i?, and , 
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Curiously enough, none of the peculiarities developed in Salix atirita 
are manifested in this case, and this may be correlated with the fact that, 
although C cinerea is partially parthenocarpic, it is not apomictical like 
S, auriia. 

Salix Ca-^prea^Unn. In this species our slides were made from material 
originating in several stations in Durham, Northumberland, and Bedford¬ 
shire, and both sexes were represented. However, in addition to this 




«« 


® • •»«• 
s • 

mm ^ 

S.surlta O 
Heterotype 


*• • • 


ft • 

• ft ® 

ft 9 ft ^ 

S, cinersa <3 
Heterotype 


ft * « A 

II® •• 

ft 

# % 

C 


^ St* 

*%*S 




5'. Capres C? 

HeOerolype 



S. Caprea ^ 

Heterotype 


5. Caprea ^ 

Somatic 


-jJ'J’C' 

h 

S. Caprea 

Somat/'c 


Fig. 7. S, aiiriia^ S* cinerea, and S. Caprea, a-h, MetapFase. plates. 


material , definitely male or female, attention was directed to preparations 
made from a Birtley specimen of the so-called meiaImrpkosa'HSv^xletY ,. This 
bush, although fundamentally a male, exhibits florets forming a complete 
transition between those purely male and those the femaleness of which is 
equally unchallengeable. It is to be noted, however, that examples falling 
into the latter category are very rare. In microspore development tliis' 
plant provided no anomalies, nor was the pollen itself less perfect or potent, 
than that' taken from ordinary male plants. Its haploid , chromosome 
number was nineteen, and' the, chromosomes themselves were spherical,in 
shape,, and practically equal in. size .(Fig, 7,/}. Similarly, the other bushes, 
whether male or female,' from widely separated localities, gave, the same 
haploid count of nineteen.' ' Further, the individual chro,moso'meS: 'were the 
exact, replicas' of those'seen in the' -mtersex.' Gn the ,average,:these "were'' 
about double' the size of those of’ 5 . rz2/;rf/(i?5.(see'Fig, o). 

In both male and female somatic cells, as well as in tissues, of 'the inter- 
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sex, no matter where placed, the somatic number was clearly thirty-eight 

(see Fig, 7, g and h\ ^ 

(i) Section Argenteae. 

Sahx repens, Linn. Here we meet once more a species not likely to 

be confused ^vith any of its allies, so sharply is it marked off morphologi- 
cally, as well as in its habitats and time of flowering, from its congeners. 

The material studied by us was secured from a colony growing amongst 
heather on Birtley Fell, Co. Durham, far removed from any other species of 
willow. In making om preparations we found it exceedingly difficult to 
find the exact times at which the reduction divisions were proceeding, so 
that, somewhat paradoxically, only in the female have we been able to 
examine a complete series. This difficulty we assign to the long-drawn-out 
period covered by the meiotic phenomena in the plant—a development no 
doubt necessitated by the extremely exposed nature of its chosen habitats. 


FIG.S. a ^Ab.S. repens Heterotype and somatic aetaphases. c. S. myrsinitcs. Somatic 


In both sexes the stages of meiosis observed were quite normal and. as 
far as they went in the male, and completely in the female, might well have 
been provided by any ordinary phanerogam. The haploid chromosome 
number was nineteen, so that the species takes its place as a regular diploid 
member of the orthoploid series developed in the Salicaceae on the base 
number nineteen. Thus it falls in line with counts actually made for 
Popiilus tremida, P. mgra, Salix purpurea, S, viminalis, S. daphnoides, and 
3'. Caprea, and with that deduced, as will be seen later, for 5. lanata and 
6". myrsinites. 

In cell size but little difference could be detected between it and 
S. Caprea, although in chromosome shape, but not in number a closer 
approximation to .S. aurita was manifested. However, the resemblance to 

in every respect was still more striking. 

In the female four chromosomes, all markedly four’-lobed and equal in 
size, were decidedly larger than the rest; a fifth, less than these and not 
four-lobed, was intermediate in size, whilst the other thirteen, apparently 
simple in structure, were practically equal, whether seen in polar view in 

profile^ or'obliquely; |see Fig. 8,, 

As we expected, the somatic number totalled thirty-eight, thereby 
proving that reduction in 
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(j) Section Myrtosalix, Kerner, 

Salix myrsinites^ Linn. Although we obtained our supplies of Salix 
myrsinites from no less than three sources (Sweden, Kew, and Edin¬ 
burgh), so great was the check on the growth and development of the 
catkins during transit to iis| that no useful meiotic stages were to be dis¬ 
covered in our preparations. However, the somatic mitoses were so clear 
that we had no difficulty in counting thirty-eight chromosomes (see Fig. 8, c). 
Hence, almost certainly, its haploid number is nineteen, which brings it into 
harmony with the orthoploid series of the family. 


(k) Section Pkylicifoliae. 

In this group both of its British representatives were secured for study, 
one of them, Salix Andersoniana, from several sources, both lowland and 
upland. 

Salix Andei^soniana^ Sm. Of Salix Andersoniana material from 



^ f 

c 


Fig. 9. Heterotype division, a and k S. Andersamana, x, S, phyiidfdia, 
several stations wddely separated geographically was employed, and in 
every case the state of affairs ivas much the same as observed in Salix 
auriia—thdl is, we had seemingly perfect heterotype divisions with subse¬ 
quent irregularities. Owdng to the crowding of the chromosomes on the 
plates,the operations of counting and of size comparisons were alike 
rendered difficult. Nevertheless, our material uniformly gave the reduced 
chromosome number as fifty-seven. As for the individual chromosomes, 
nine could be recognized as definitely larger' than the , remainder'(see 
Fig. 9, a and b). 

In the 'homotype division, when disturbance was at' its minimum,'the 
number, could similarly be, made out. Often enough, how^ever, at this stage, 
as in Slauriia^ chromosomes were lost, failed to reach the plate, or behaved 
otherwise in an unusual manner,.,, so that' in many cases pollen .abortion 
occurred, strongly'suggesting, the condition of a hybrid.' 

. ..In '.somatic pro'phases, sO' „closeiy packed were the chromosomes, that 
.the ,'only fact'determinable was .that'the number. presc'iit':exceeded ,one 
'hundred. , ^ ' 

Regarding ninetee'H .as the fundamental' number for the,' Order, 
Andersoniana 'must'be considered a hexaploid form.. : 
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Salix phylicifolia, Linn- Quite unexpectedly, although perfectly 
normal in other respectSj *S. phylicifolia gave in polar views of perfect 
heterotype plates a reduced number of forty-four, with which figure somatic 
counts of eighty-five-ninety were in complete harmony (Fig. 9, c). 

This curious chromosome number brings the species into line with 
the case of S, triandra^ and the explanation advanced to account for the 
situation there suffices in this instance likewise. If twenty-two can arise 
from a fragmentation of one compound chromosome in a diploid species, 
should a similar circumstance affecting two chromosomes take place in 
a tetraploid, a chromosome number of forty-four should be generated. 
Granting the truth of this view, then the second form of 6'. triandra 
emerges as a modified diploid species, whilst 5 . phylicifolia must be regarded 
as a modified tetraploid. 

In any case, whether we regard the nineteen or the twenty-two as the 
original base number for the Salicaceae, we have a very interesting and 
suggestive occurrence indicating how it is possible for a second orthoploid 
series to be developed within the limits of the same Natural Order. 

The Phen-hybrids. 

Of recognized Salix hybrids the males of three were prepared for 
study: 

1. Salix viminalis'x S,purpurea {Salix rubra^ Sm.). 

2. Salix Caprea x S, lanata, 

3 . Salix auritax S. phylicifolia. 

The first two crosses, judged by any deviation they exhibited from 
the customary series of events observed during meiosis in a phanerogam, 
might well have been pure species.. In both' cases the homology between 
the maternal and paternal chromosomes, as tested by their regular pairing 
in preparation for the reduction division and by' the perfect nature of that 
division, was absolute, for not the least disturbance occurred to hint at: 
hybridity* And this held true even to the appearance of the ripe pollen 
grains, which were massed, without the faintest signs, 'of shrivelling ■ or 
abortion, within the loculi. , Salix rtibra^ resulting, from a .cross between 
two parents each "endowed with a reduced chromosome number of „:x9, 
ought under the :circumstance to 'possess a haploid number of 19,'and' 
such was the'number , displayed with unfailing regularity in good diakinetic 
'figures,, in, perfect .heterotype plates, .and■ at the' homotype''divisions, 
(see Fig. 10, a),, , Qf similar import in this hybrid were,' the' many' somatic 
..determiaations, , made, .in', .'preparations, from widely'...separated' areas, yielding:''' 
3'S,,as''the: somatic count' „ 

Clearly, too, in the second,'hybrid, since'' 5 ., has,: a',,,, 
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number of 19, and since the hybrid itself manifests the same reduced 
number^ the other parent, Salix lanafa, must likewise be of the diploid 
type (see Fig. 10, r). 

Vastly different was the state of affairs in the third hybrid. • There the 
parents were a tetraploid species, Salix aiirita^ on the one hand, and a modi¬ 
fied tetraploid form, S. phylicifolia, on the other, so that theory demands the 
presence of 38 + 44 chromosomes in its somatic cells. This, in turn, entails 




Fig. II. a-€, Meiotic pliase'in mirtiay:.pJiy lid folia» 


that in the lieterotype division, even if the chromosomes did assemble, 
regularly on the equatorial plate,, at- least six should remain' unpaired. As 
a matter of fact, about $ 2 , bivalents as a maximum are to be ' found, there., 
although the'actual number varies'between, and 32 (Fig. To 

add,-to, the confusion, ,the elements 'of the' bivalents, separate long before 
the, la,ggard''univalents approach the' plate, (see Fig. ii,,f/)"; consequently 
some whole or split univalents', fail 'to .be, included in .'the-- daughter 
nuclei, which- are"' 'thus- constituted- of' widely- different ii'umbers' of'chroinb-'. 
som,es, always short of the theoretical maximum. The aberrant, individuals 
are usiialiy'included in micronuclei (see-'F-ig. ,11,'^). 
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. Thus the more orderly phenomena observable during the pseudo- 
reduction in the Rosae are reproduced in a very incomplete sort of way, 
and then only in the closing chain of events. Comparisons^ to be 
closer^ should rather be made with the maturation divisions seen in the 
spermatogenesis of our Biston and Oporabia hybrids in the Lepidoptera. 

In the preparation for the homotypicai division once more matters 
pursue an unusual course ; very rarely is there a perfect group of chromo¬ 
somes on the equatorial plate, so that counts are made with extreme 
difficulty. With the generation of the four major nuclei the tetrad 
arises comprising four spores each with a major nucleus and one or 
more micronuclei. In general, however, contrary to one's expectations, 
the tetrad displays no great defects,, and its members never exceed four 
in number. It is only later that degeneration resulting in a mass of almost 
impotent pollen ensues. Still, despite the parentage, and the almost whole¬ 
sale abortion of the pollen, enough remains functional to allow for the 
development of more complex hybrids via this form. 

Concluding Remarks. 

One of the most remarkable facts in the foregoing work is the dis¬ 
covery that the fundamental number in the Salicaceae is 19. Except for 
isolated records provided by Ishikawa for a species of Senecio and by 
Maneval for Liriodendron tulipifera and Magnolia virginica^ this number 
has never previously been detected amongst plants, and even in the former it 
appeared suspiciously in an orthoploid series based on five. Here, on the 
contrary, occurring in two genera and many species, it forms unmistak¬ 
ably the number upon which the series proper to the group depends* 
However, its importance is not confined solely to the novelty of the figure 
itself, but extends to the very significant departure from the systems, so 
uniformly encountered in plants, based on powers of two, three, four, 
five, seven, and combinations thereof. Nevertheless, the disagreement may 
be more apparent than real, for it is exceedingly probable that the chromo¬ 
somes so often referred to as four-lobed, are actually compound. If such 
be the case, then reducing these to their constituent units and reckoning 
these'with the genuine units, we may' quite readily■ build up' numbers 
like 24, 5 ^ 7 , 3^, 3d, &c., all of which are of frequent occurrence in the 
.phanerogams.' That such' a view is not far-fetched ■ is proved by' the 
presence, of':the second form, of Sali:x: iriandra^ in which one' chromo-'^ 
some, apparently compound, has been broken into four, conceivably of unit 
■■'value'.'' . ■ ■ ■ . . . 

■ ■ Be That as it .'may,,, the development of the'orthoploid series upon 
''■this^.'''base'^'.dem'onstra'tes '' that,, whatever^' w true in the early history ^of 
the Order, the, complexes,:'possibly ■modified in some spdcies, are now 
absolutely stable.., :. Thus 'we are .-'brought to.^ the fact That we have such 
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a series with diploidj tetraploid, and hexaploid members as shown in the 
appended table: 


Salix, 


Popuins. 

Pieiandrae. 

Diandrae^ 


Diploid. Tetraploid. 

Diploid. Tetraploid. 

Diploid. Tetraploid. 

Hexaploid, 

Popuhts trenu- P, balsamic 

Salix tri- S, hteida, 

S, daphnoi- S. aurita^ L, 

S, Ander- 

laia, L. ^era^ L. 

andra^ L. Miihl. 

des, L. i", emereOi L. 

soniana. 

P. nigra i L. 

S. pciitan^ 

S, purpu- 

Sm. 


dra^ L. 

rea^ D. 



S, pentafi- 

S. vimina- 



dra var. 

lis, L. 



angusti- 

Capreaj 



folia 

L. 



S, fragilis, 

S. repensy L, 



L. 

S. myrsinitesy 



S.fragalis 

L. 



var. Bas-> 

S. lanatay L. 



fordiana 




S. albaj L. 



In addition to this 

, and of equal value 

as demonstrating how 

a second 

orthoploid series may arise in one and the same genus, stands out the obser- 


vation that Salixphylicifolia has a complement of 44 chromosomes, making 
it, on the basis of the lower member of its series, Salix triandra^ a tetraploid 
form, or, on the base of 19, a modified tetraploid. 

Now, if we are to judge from the result of hybridization experiments 
carried out by Wichura, Heribert-Nilsson, Ikeno, Linton, and ourselves,'or 
from the hybrid combinations occurring naturally, the Pieiandrae form a 
group including species closely connected in their affinities and quite 
sharply isolated from the Diandrae, which, in turn, appear as a more or 
less homogeneous assemblage united by the tie of physiological similarity. 
This being so, we recognize at once that tetraploidy must have originated 
independently in the two supersections—a fact providing a very weighty 
argument in favour of the importance of the tetraploid species in evolution. 
Here we are confronted with the inevitable question: granting all this, how 
does the tetraploid species itself arise? 

The first answers' to suggest themselves seem to be those' involving 
a duplication of the whole chromosome complement brought about by 
the. inclusion of two newly-formed nuclei , in oiiC' cell, or the transverse, 
longitudinal, or' 'Other, form of fragmentation of the chromosomes without 
subsequent" cell-division such as were postulated "by Winge and others. , 

■ ', 'Favouring explanations of this type stand out the facts that Heribert- 
Nilsson, in propounding a satisfactory factorial analysis of .his Salix crosses,' 
had,to .assume the presence of duplicate, factors, whilst we ourselves have^ 
had'' to,' make' the" same,'assumption'. w.ith regard to^' the sex-determiners 
in.'. seeking to explain ..anomalous'sex-ratios. 

■■■"' '".Against'these ''views cam :',be-v brought the '.'logical,,and ".'at'..first:.sight: 
^unanswerable''criticism' that,.even ■i.f' eII this were true, t,he circumstaneesmre; 

', .not such .as to ''Constitute,'a new'species/ 'At the most,'it'CouM.,'be'.'advanced, 
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we have here a siniple doubling of the genes borne by the chromosomes^ and 
at the leasts the same furniture of genes as the original plants although now 
displaying a new grouping. Such an argumentj however, contains a fallacy, 
for with new chromosome arrangement or furniture mere mechanical 
difficulties occur to prevent, in some cases, free crossing with the 
parent type. Isolated in this manner, specific divergence of the tetraploid 
seems quite feasible. 

Still, if the origin of the tetraploid lies in the methods just outlined, it 
must also by some means allow of the development and continued existence 
of the hexaploid species. Arguing from the analogy of Prinmla keivensis, 
we can perceive in hybridity a spur to such duplication of chromo- 
somes (Digby). The new combination of characters once established, a 
second crossing with a third diploid species, succeeded by similar 
happenings, affords a mechanism for the evolution of the hexaploid. 
But, let it be noted, if hybridity is one of the causes of evolution, it 
cannot be the only one, for whence came the three original species the 
scheme demands ? 

At this stage we are enabled to answer the first question we proposed 
to consider. No matter whether diploid, tetraploid, or hexaploid, the 
behaviour of the Salices^ both in micro- and megaspore formation, is very 
far from being that of hybrids, such as the majority of the Rosae 
seem to be. Only occasionally, as in Salix fragilis, S, aurita, and 
S, Andersoniana, are signs of hybridity given, and these, instead of indi¬ 
cating that they are cases of persistent hybrids reproduced apogamously 
like the Rose microgenes, probably represent traces of very recent crossing. 
In fact, observations in the field, directed from many angles, suggest that 
Salix Andersoniana is an F^ or F^ hybrid between Salix pkylicifalia mid 
some member of the Capreae group. 

And this, coupled with the great affinity shown 'between maternal 
and paternal chromosomes in Salix crosses, affords a clue to the varia¬ 
bility of the Salices, I.e, it results from the ability to cross, perfect within 
the limits of the two major groups, although somewhat lessened in its 
scope by the'V^gariou^ most of the species, "followed by an 

abundance, of novel forms in F^ and subsequent generations. This like- ' 
wise, enables , us to ' explain why the characters in Heribert-Nilsson's 
Salix hybrids mendelized so perfectly. For, if the chromosomes' provide 
the material' ,and. mechanical basis of heredity, judging from the cytology, 
of the purpurea-vimifialis and Capreadanata crosses investigated by ,us, 
the opportunities,, of segregation are not less ,than in the pure species. 

,,,, With, regard'to our third query we have indicated above our^',belief 
in the existence of, heteroGhromosomes'-in. Populus. '' However,. ^ 
gation, in view ■ of the ■ negative, results of - other - workers' ,withdipecipus'- 
plants, demands furtlier attention, and th-is we are prepared to give.' 
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Lastly, the irregular incidence of diploidy, tetraploidy, and hexaploidy 
in the various sections prevents those features in themselves from having 
any wide application in specific differentiation. On the contraryj quite 
unexpectedly, in the most critical cases, differences in chromosome 
number have been of extreme value. For instance, Salix Caprea^ S, cmerea^ 
and S. aurita^ especially the first two, have been widely confused ; yet the 
first is diploid and the second a tetrapioid form. Similarly, very many 
Salicologists, and' even Buchanan White amongst recent workers, have 
looked upon Salix Andersaniana a.nd S, phylicifolia as specifically identi¬ 
cal;- our labours show that Salix Andersoniana is a normal hexaploid 
plant, whereas S. phylicifolia possesses the rather anomalous chromosome 
number of 44. 

Summary. 

I. The fundamental chromosome number in the Salicaceae is 19, 

. Amongst the Salices examined were diploid, tetrapioid, and hexa¬ 
ploid forms. 

3. Salix triandra presented a form with 32 chromosomes as its reduced 
number as well as one with the normal number 19. 

4. Falling in line with this second form of Salix triandra was S, phy-- 
licifolia with a reduced chromosome number of 44; thus a second orthoploid 
series is set up for Salix. 

5. Poptdus, as far as our work goes, possesses diploid and tetrapioid 
forms. 

6. Only in Salix fragilis.^ S. anritay and S. Andersoniana were abnor¬ 
malities in meiosis discovered, and even then the departures from type were 
not great; nevertheless, they were such as to suggest hybridity. 

7. In no case did these abnormalities recall those characterizing the 
Rosae. ■ ■ 

8. Of the three recognized Salix hybrids examined tw^o' behaved 
quite normally duiing meiosis, whilst one did not. 

9. The former observation explains why segregation occurred in Heri- 
bert-Nilssoffs and Ikeno's Salix hybrids, 

• 10.. Hybridity,. therefore, with segregation taking place in the and 

subsequent generations explains the variability of certam species. , 

II. There is some evidence of the existence of heterochromosO'ines in 
the male of both Populus and of Salix. 

■' 12, Salix Caprea IS easily differentiated from',' 5 . and S.'mirita^ 

and Salix. Andersoniana from S. phylicifolia^ on the basis of chromosome 
number., ■' . . 

Botanical Department,' ; 

.'ARMSTRONG.''College, ' 

Newcastle-on-Ttne., 

" August^ 1923 . 



378 Blackburn and Harrison.—Account of the Chromosomes. 


Literature cited. 

Biaci{:b0,RN3 K, B., and Harkison, J. \V. Heslop ; The Status of the British Rose Forms 
as determined by their Cytological Behaviour. Ann. Bot., vol. xxxv, 1921. 

DigbYj L. : The Cytology of Prmmla ^ewmsis &nd othQv related, Primula Hybrids. Ann. Bot.5 
vol. xxvi, 1912. ' 

Harrison, J., and Doncaster, L. : On Hybrids between Moths of the Subfamily Bistoninae, &c. 
Journ. Gen., vol. iii. No. 4, 1914. 

Heribert-Nilsson, N. : Experimentelle Studien iiber Variabilitat, Spaltiing, Artbildung und 
Evolution in der Gattung Salix. Lunds Univ. Arsskr., Bd. xiv, No. 28, 191S. 

Ikeno, S. : On Hybridization of some Species of Salix, Journ. Gen., vol. viii, Dec. 1918. 

-; On Hybridization of some Species of Salix. II. Ann. Bot., vol. xxxvi, April 1922. 

ISHIKAWA, M.: A List of the Numbers of Chromosomes. Bot. Mag., Tokyo, Bd. xxx, 1916. 
Linton, E. F, : The British Willows. London, 1911. 

White, F. Buchanan ; Revision of the British Willows. Journ. Linn, Soc., Botany, vol. xxvii, 
1891. 

WiCHURA, M.: Die Bastardbefruchtung im Pdanzenreich erlautert an den Bastarden der Weiden. 
Breslau, 1S65. 

Wince, O. : The Chromosomes : Their Number and General Importance. Comptes rendus des 
Travaux du Lab. de Carlsberg, vol. xiii, 1917. 



On a Curious Effect of Mosaic Disease upon the 
Cells of the Potato Leaf. 


KENNETH M. SMITH, M.Sc., 

The University^ Manchester^ 

With four Figures in the Text. 

Introduction. 

O WING to the great interest taken at the present time by plant patho¬ 
logists generally in the problem of the so-called 'Virus Diseases’ of 
plants, and especially because of .the search for, and even reputed discovery 
of, a causal organism of a protozoal nature, the following short note may be 
considered opportune. During a critical search of the tissue of mosaic- 
infected potato leaves, the writer noticed the almost invariable presence, In 
the leaf cells, of a number of peculiar amoeba-like bodies. It is the purport 
of this note to give an accurate description of these bodies. 

Material and Methods. 

Both leaf and stem tissue of varying age from mosaic potatoes, in each 
case with a healthy control, were examined. Sections were cut both trans¬ 
versely and longitudinally, in thicknesses varying'from six to ten microns,: 
and made to pass through the yellow areas of the leaves. Various fixing 
and staining reagents were employed. The best results,were obtained by using 
Flemming’s fixing solution (weak) and staining with Flemming s triple stain.' 
Good results were also obtained with Heidenhain’s iron-haematoxyiin.. The' 
drawings \TCre made with the camera iucida, using a one-twelftli oil-immer¬ 
sion 'Objective and" a' No. 4 ocular.The photon\icrograph was taken with 
a:'One.-twelftli oil-immersion lens. 

Acknowledgements are due, to. Frofessor Lang, F.R.S., and,Dr. Wilfrid 
Robinson, of the ,Botanical Department' of this University,;for .their,'va!.u,able'. 

,criticismand''advice.:'"^:',,',,',"'.':,:'""'''''',.':' 

, lAnn^ of Botany, Vol. XXXVin. Wo.. CL. April, I9S4-1' 
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Description of Bodies. 

Scattered appareatly indiscriminately throughout the tissue in the yellow 
chlorotic areas of the diseased leaf there were to be seen numbers of bodies 
r'arying somewhat in size and shape, but tending towards pear-shaped or 
round (Fig. i). These corpuscles seemed to be possessed of a definite wall, 
and had in addition one or more very clearly defined vacuoles. They stained, 
readily and pi'esented a superficial resemblance to some kind of protozoal 



X 

Fig. I. 


organism; in many cases they were in close association with the cell nucleus. 
Owing to this resemblance to a living organism attempts were made to culti¬ 
vate these bodies, but without success, nor could they be shown to exhibit any 
movement or other sign of life. A careful examination of much material 
stained and fixed in various ways failed to reveal the existence of a nucleus 
in these bodies. Occasionally one or more small granules were discovered 
but no definite statement can be made as to their nature. In the light green 
or yellow mottled areas to which these effects appear to be confined the 
general disintegration of the tissue seems considerable. The chloroplasts are 
much reduced in number, the cell-walls are ruptured, and the nuclei them¬ 
selves are in a state of complete degeneration (see Fig. a). 

The explanation offered, then, of these curious bodies is that they are 
some kind of degeneration product of the cell, and most probably of the 
nucleus, induced by the mosaic, and that they are effects rather than causes of 
the disease, It seems likely that many of the ‘ organisms ’ and bodies de¬ 
scribed by various writers as associated with virus diseases of plants can be 
similarly explained. 
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Fig. I is a photomicrographjof a section eight microns thick cut through 
the yellow area*of a mosaic leaf of Golden Wonder potato. A pear-shaped 
body ( X ) with two vacuoles can be seen near the centre of the field. 

Fig. 2 is a drawing of a section eight microns thick cut in the plane of 



Fig. 4 . 


the leaf surface, in the neighbourhood of a tracheide. It shows three bodies 
of varying types : one, pear-shaped^ in the centre with two large vacuoles, 
and two small. To the left is a smaller body with one small vacuole, and 
a thir.d is'shown at the top of the dra.wing with three large vacuoles. Note 
the degenerating nuclei. 

Fig. 3 is a drawing shoiving the presence of a single large body, with 
five vacuoles almost filling the cell. 

Fig. 4 shows the close association of the body with the cell nucleus, 
ivhich. appears in this instance to be attached by a narrow neck. 



NOTES. 


THE PHYSIOLOGICAL ANATOMiY OP MAYACA PLWIATILIS.— 
The Mayacaceae are small perennial plants living in swamps and having the* appear¬ 
ance of a moss such as of Polyirichum. About seven or eight species are known from 
North and South America and in south-western Africad,^ 

This interesting, but small plant family has been very little investigated. From 
an anatomical point of vie w Poulsen^ 
has studied the anatomy of the stem, 
leaf, and various organs of the dow-er 
in Mayaca lagoensis^ Wing., and M. 

Vandelin, Scott et End!. 

As is the case in most sub¬ 
merged water-plants, the most strik¬ 
ing feature of the anatomy is a well- 
developed aerenchyma. The species 
with which I worked differs con¬ 
siderably in various characteristics 
from those Poulsen studied, although 
other characteristics are much the 
same. 

I carried out comparative phy¬ 
siological-anatomical observations on 
Mayaca fiuviatUu^ Aubl. (Fig. I, i, 

2, 3), which I collected in a 
swamp in the environs of Orlando, in 
the state of Florida, U.S.A. This 
species grows only in places where 
it has practically no competition with 
other species of plants, and but very 

few are to be found in its close pros- Fig. I. i. Water form Mayaca ymiaiiUs, natural 
. , _ . size. 2. Part of stem' enlarged. 3* Leaves en- 

imity, among which I may mention larged. 

two members of the Umbelliferae 

Hydrocofyh americana^ L., and Ceniella repa?ida^ (Pars.) Small. When, however,' other■ 
species take a part in the association, Mayaca fiimmizUs is usually unable to support 
the struggle for existence and disappears. 

Engler,A.,;'and Frantl: 'Die naturlichen Pdanzenfamilien. Berlin, 1889', Bd,'.4*' 

'■ 2 Uphofj'F: Cf.Tli.:■ Die''Pflanzengattnngen. ' Leipzig,; 1910. ■, , 

' ' ®'Poulsen, W. A-: Anatomiska Studier over Mayaca^ K. Dansk Vedensk,'Sejsk, Forhandi., 

Copenhagen,'i,"1886:. 

, Amala, of Botany, VoL XXZVIll. Mo, CL.'April, 1044.3, 
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Notes^ 


The numerous linear leaves are situated dose to eadi other; they are placed 
spirally round the stem and apparently on the basis of the formula 5/13. 

The whitish flowers are heterochlamydic and are borne on axillary pedicels. The 
ovary is one-celled, having three parietal placentae and a filiform style. The ovules 
are orthotropous* The capsule is three-celled, with three valves and placentae in the 
middle. 

The plants are not confined to water, but with some care they can be raised 
as land plants as Avell, although such forms are rarely met with in nature. 



Fig. II. I. Twig of land form. ^ 2. A part of i four times enlarged. 3. Section ot a stem * 

A, aerenohj^a. 4. Star-celkd tissue m the aerenchyma. 5. Longitudinal section of leaf. 6. Lono-jl 
tudmal section of vascu ar bundle m a leaf. 7. Section of a leaf of the land form. 8. Sectio^of 

a very .young leaf of the land form. ,oi 


InTCstigations were directed to the behaviour of the various organs and tissues 
when surrounded by air and by water respectively. For this purpose a number 
of individuals were collected, and some grown in water and others in four-inch pots 
in which the soil was of the same composition, namely sandy mud, as that of their 
natural environment. In order to ascertain the exact behaviour of certain tissues in 
different environment, certain individual plants were divided in two, one part of 
which was carefully observed in water and the other part in a pot surrounded 
by air., 

during the first four months is shown in the following table: 



IVofes. 
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of 

monihs. 


4 


Crozvlh in air. 


(Srozvth in zvc 


8 

12 


iS 


20 

40 


90 


In comparing the influence on growth of the two types of environment it can be 
easily observed that there is a great difference. The leaves grown in the air are 
consideiably shorter as compared with those developed in the water. Also the 



thickness of the stem is less in air than in water ; this becomes especially clear on 
measuring the tissues, as will be shown in the next table. Fig. I, i to 3, and Fig. II, i 
and 2, show the types of growth in both media. 

The sections of the plant organs-were made with a Spencer microtome and cut 
in thickness. Considerable anatondcal differences ■’were to' be observed in the 
differe'nt types of grow^tk 

, ■ The stem, (Fig. II, 3, and Fig. Ill) is surrounded'by .epidermis of large'cells' which 
are rich in'protoplasm,; this'tissue is succeejifcd by a cortex having a thickness us'u-aliy' 
of three 'IayerS:of 'cells', possessing 'large'characteristic cbloroplasts.', „ The.'next" layer 
met','With as 'a'weli-developed' aerenchyma," which has been developed from' the periblem.- 
,When „ the'Stem: ,"is';: very,- -young the,d,evelopment of ,this aereiichyma, can 'easily;be- 
traced from,"'the latter tiss-ue, -in which certain: cells' divide only in-fhe'''dir'eetion,"of' 'the; 
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long axis and others onij in the direction of the short axis of the stem; this 
consequently results in the formation of large and rather regular intercellular 
air-spaces. 

Observing the aereiichyma closely it is evident that, besides the ordinary cell- 
tissue, one sees at various distances between the aerenchyma a kind of inter-tissue 
which is composed of somewhat star-shaped cells, which are relatively much smaller 
ill size, as is shown in Fig. II, 3 and 4, and Fig. III. Through the small air-spaces 
in the smail-celled tissue which occurs in the aerenchyma it is possible that the large 
intercellular air-spaces throughout the stem are connected one with the other. 

The aerenchyma in the air form is developed only to two-thirds the extent of that 



in the watery environment, although there is apparently no other difference between the 
two aerenchymas. 

The aerenchyfna is succeeded by three or four layers of round ceils containing 
chloroplasts, which are also more strongly developed in the water form. 

The endodermis is clearly visible and strongly developed, but there is an impor¬ 
tant difference in structure between the land and water forms. The thickness in the 
land form amounts to 10 to 12 /x, and in the air form 18 to 20 ft. Further, it is very 
obvious that the inner side of the endodermis is thicker in the land forms than in the 
water form; possibly the higher pressure in the fibro-vascular bundles requires 
a stronger developed inner endodermis \vall. 

There is apparently no difference in the form and size of the pericycle of the 
two forms; the cells are smaller than those of the endodermis; they are irregular. The 
same relationship can be observed in the elements of the well-developed phloem 
parenchyma and of the sieve-tubes. On the other hand, however, the protoxylem 
and the metaxylem ofi'er sufficient differences in length and in width. The vessels 
are broader in the water plants, and consequently the entire vascular bundle has 
a greater diameter. 

For comparison the measurements of various tissues are presented in the 
following . table : 


Thickness of Tissues or of Cells in ihe Stem, 


Kind af Tissue, 

Epidermis . ’. , . . ■. 

Cortex' . ■' ".. . , 

Aerenchyma, . v ' . 

Tissnexound vascular bundle 
Section "of vascular' bundle,' 

'tf., 'Endodermis' 
k "Pericycle ,. ■'.' 

Largest xylem vessel" ... 
Largest sieve-tube 


Air Fianis, 

PVaUr Plants, 

>• 

fi. 

40 

... 40 ' , 

60 

80 

400 

.600 '' 

50 

, ■ 100' ', ■ 

130 

2'00" ' ■ 

10-12 

"■ 20 ' ■ 

5-9 
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The leaf (Fig. V) shows in a cross-section a smail-celied epidermis on both sides, 
between which is found a mesophyll which has a thickness of but one layer of ceils 
with but small intercellular air-spaces; towards the middle these ceils become larger. 
In the centre is found a small vascular bundle (Figs. II, 6, IV, and V, S), which is sur¬ 
rounded by large cells containing chloroplasts. Two large air-channels run throughout 



Fig. V. I, Meristem of stem of the water form. 2 and 3. Same somewhat older, showing 
formation of aerenchyina. 4. Section of leaf of water form. 5. Very young leaf. 6. Endodermis 
of stem of land form. 7. Endodermis of water form. 8. Junction of two fibro-vascuiar bundles. 

the length of the leaf (Fig, IV), which, like the fibro-vascuiar bundle, is smaller in 
land forms than in those developed in water. 

A section of a very' young leaf (Fig. II, 8, and V, 2} sho^vs one to sometimes five 
layers of cells which lie close together and have practically 'the same size. Some cells 
following the epidermis start dividing longitudinally, whereas some below these cells 
divide over their width, as can be observed in Fig. V, 4 and 5, causing the development 
of large air-spaces in the older leaf. 

The construction of the root is very simple', and there is apparently no dif¬ 
ference between the two forms. The epidermis encloses a cortex ■ composed of but 
a few cells ; this is succeeded by a triarch fibro-vascuiar bundle. 

]. C T'h.'UPHOI; T, 
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THE SWARMIWG OF ZOOSPOBES OP PHYTOPHTHOBA PABEBI.— 
During the course of an investigation which necessitated the measurement of a large 
number of sporangia of Phytophthora faberi, it was noticed that swarming of 
zoospores rarely occurred. It is well known that the formation and emission of 
zoospores of the different species of Phyiophihora are largely influenced by environ¬ 
mental conditions. Usually, the discharge of zoospores begins about fifteen minutes 
after the sporangia are placed in water at a suitable temperature. Coleman ^ con¬ 
sidered a certain strength of light to be the "chief factor influencing the formation 
and emission of zoospores of many Phycomycetes; he found that the sporangia of 
P. ancae swarmed freely when suspended in water and placed on the stage of a 
microscope and illuminated by a mirror and condenser. Phyiophihora faheri 
under these conditions did not produce zoospores at all readily, and when swarm¬ 
ing did occur, it was usually from sporangia situated near the edge of the cover- 
glass or in close proximity to an air-bubble. In tube cultures the emission of 
zoospores into water which had condensed on the sides of the tube was common, and 
large numbers of empty sporangia were to be found in all cultures. 

The following experiments were carried out to determine the conditions favour¬ 
ing the discharge of zoospores of P. faheri,- The sporangia for these experiments 
were obtained from pure cultures grown on cacao pods in the laboratory. 

I. Time, suspension of mature sporangia in fresh tap-water at 22° C. (room 
temperature) was placed in a flask near the window. Swarming of zoospores com¬ 
menced alter fifteen minutes. After two and a half hours swarming had ceased, and 
no active zoospores were to be found in the water. 

Corrosive sublimate solution was added to a small' sample of this suspension 
to prevent further swarming. Other samples were taken at quarter-hour intervals 
and treated similarly, until swarming had ceased in the flask—two and a half hours 
after the commencement of the experiment,' 

The samples were later examined microscopically to determine the proportion of 
sporangia which had discharged their contents. Between 500 and 600 sporangia 
were examined from each sample, and the following percentages of empty sporangia 
obtained from the diflferent samples: ' ■ ' 


30 45 do 75 90 105 120 150 min. 

Percentage empty 8-4 9^2 17.1 26-4 28-9 33.2' 39*3 - 39*6 


Less than 40 per cent, of the sporangia discharged zoospores within two and a 
half hours, and of these the majority had swarmed within one and a half hours. 

II, Temperaiure, The effect of temperature on the swarming of 
zoospores has been noted by various writers. Bastur 2 observed that zoospores 
were emitted from sporangia of P.m five minutes at 25®C. , and that 
higher , temperatures retarded . the' zoospore formation.Melhus ®, found ■ tempera- 


, ^'Coleman,. UC,: Diseases o,f the Areca Palm.,' Annales MycoIogici,Yiil. 591-626' (1910b 
Dastiir, : Qn.Mjfiophm&raparasiti^^^ ■ Mem, Dept. Agric.Tndia, w im%z\ ' ■ 

lafeciion with the Fungus of' the Late Blight'of ''Potato 
(PkjiophfhDra mpsiam). ' Wise. Agr. Exp.Bta.'Pes, .Bull. xsxviL 64 (1915) " 
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tures below 20 C. more favourable for zoospore formation in P. infesians than 

higher temperatures. , 

Suspensions of spores were made in tap-water at 5, 10, 15, 20, 25, 30, and 35 
degrees centigrade, and these temperatures maintained for 2| hours. At the end of 
that time the suspensions were killed with corrosive sublimate and examined as in the 
previous experiment, 500 spores being taken as a sample. As the culture from 
which the sporangia were taken was rather old, a determination of the number of 
empty sporangia in the suspensions at the commencement of the experiment was 
made and found to be 4*2 per cent. The percentages of empty sporangia found in 
the suspensions after 2 J hours are given below and represented graphically in Fig. i : 

10^ 15° 20" 25^ 30° 35" C. 

Percentage empty 4*4 5-8 19-8 i8-6 4*2 3.8 



Fig. I. The effect of temperature on zoospore formation in faberi. 


The optimum' temperature for zoospore formation in F, faberi. therefore lies' 
between 20 and 25'^C., At temperatures'below’ 20® C, or above 25° C. the formation 
of zoospores is retarded, ' ' 

'III. Light and Air. A suspension of sporangia in tap-water was divided'into 
two, parts. One was placed near' the window and the' other,, in, a dark'chambe,r. 
Samples were taken from the flask near the window at quarter-hour intervals'after'the 
first ha'lf-hour 'and killed with ' corrosive sublimate. From, 'the flask in the dark,^ 
samples' were taken at„ ,half-hour .' intervals: in .O'rder to avoid 'ad'mitting, light ..too 
frequently. ,, ,, , , ■ 

' A"suspension^of'sporangia from the:same culture was made.,in tap-water which 
ha',d,'''p,reviouslybeen;,'boiied,,'and', allowed to'■cool. The, suspension was divided into five 
par'ts:'and, 'pkced,',"m,' smaltfiasks "near'the window* 'Corrosive, sublimate was added 
,'fo'''a:'fias'k''':':eveiy'^'half-hour';,''e constituted a'Sample,., Care was:' 

'tak:en,'''thrQUghout„'tb avoid aerating'the. suspensions# 
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The temperature of these suspensions varied from 22° C. at the beginning of the 
experiment to 23-5° at the conclusion. 

Later, 250 sporangia were examined from each sample to determine the 
proportion of empty sporangia; the results are given in the following table: 

Perce 7 iiage of sporangia which had discharged zoospores at van ms times in 
suspensions (i) m the light, (2) in dark, (3) m the absence of aii\ 



30 

45 

60 

75 

90 105 

I 20 

^ 3 o 

150 min. 

In light 

10*8 

34*4 

50.0 

56.4 

60*4 62*4 

67-8 

66*6 

66*0 

In dark 

10-8 

— 

i8-4 

— 

33-8 — 

00 

— 

41-6 

Without air 

6*8 

— 

6.4 

— 

15-8 — 

IO‘2 

— 

10*4 


These results are represented graphically in Fig. 2. It is evident that, in the 
absence of dissolved air in the %vater, very little swarming of zoospores occurs. 



Fig. 2. The effects of light and air on the emission of zoospores of P* faberi. 


The necessity of a requisite supply of air for the formation and emission 
of zoospores has not generally been recognized. Ivlebahn’s ^ observations on the 
sw'arming of zoospores of Phyiophthora Syringae are of interest in this connexion. 
Sporangia were first observed after growing the fungus in pure water. These sporangia, 
however, did not discharge zoospores, and it was only after the water of the culture 
was, replaced Ly fresh water saturated with oxygen that Klebabn succeeded in in¬ 
ducing zoospore formation ; then swarming began after a quarter of an hour. The 
difficulty experienced by various investigators in obtaining swarm-spores at will is 
possibly connected with the oxygen requirements of the species. 

The culture from which the sporangia were taken for this experiment had just 
commenced fruiting, and was younger than those used for the previous experiments. 
This may account for the greater percentage of sporangia which discharged zoospores 
in the presence of light than occurred in the previous experiments. 

■ v' , u KlebahUy, H.: Krankbeiten desFlieclers,.. Berlin (190^). ' 
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Though a smaller percentage of sporangia emitted zoospores in the absence of 
light, these results cannot be considered conclusive. Before pouring samples^ the 
flasks were shaken to obtain even suspensions, iks more examples were taken from 
the suspension in the light, it was consequently more frequently shaken and the water 
better aerated than that in the dark. This of itself might account for the different 
proportions of empty sporangia in these suspensions. A further experiment was 
therefore carried out to determine the influence of light. 

IV. Light A suspension of sporangia was made in tap-water at 22° C. This 
was poured into two small flasks, one of which was placed near the window and the 
other well covered with black paper to exclude the light. At intervals the flasks were 
well shaken to allow thorough aeration. After two hours further swarming was 
prevented by the addition of corrosive sublimate. One thousand sporangia were 
examined from each flask ; 297 had discharged zoospores in the light, and 226 in the 
dark, showing a difference of seventy-one in favour of light. Since this difference is 
3*6 times its standard error (19*6), it is very unlikely that it had arisen as a mere 
error of sampling ; it must therefore be considered as significant. 

Dastur (loc. cit.) found that light was not only essential for the formation and 
emission of zoospores of P, parasitica^ but also for the formation of sporangia. 
P .faheri does not appear to be so closely dependent on the presence of light as is 
P, parasitica, as cultures of P, faheri produce sporangia in the absence of light, 
though not so abundantly as when light is present. 

Conclusion, The conditions favouring the formation and emission of zoospores 
of P, faheri are—(i) suitable temperature, (2) well-aerated water, and {3) light. The 
presence of light, however, does not appear to be as important a factor with P, faheri 
as has been shown to be the case for P, arecae or P, parasitica. The age of the 
sporangia would also appear to be important, the highest percentage of swarmed 
sporangia being obtained from young cultures. 


Peradeniya, Ceylon, 
September, 1923. 


C. H. GADD. 
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SOME FEATURES OF THE ENVELOPE IN COELASTRUM.^-Tlie 
colonial Green Algae, which reproduce by means of autocolonies, include a series 
of genera showing some of the simplest possible types of colony organization, 
and are consequently closely related to the purely unicellular genera which repro¬ 
duce by means of autospores. The genus Coelastrum is characterized by having 
the cells of the colony arranged in a simple hollow sphere or polyhedron^ It has 
also been obtained in the unicellular form (1, 3, 5). The character of colony 
formation and its origin, therefore, appear to be of a very simple nature in this 
genus. 

The adhesion of the cells resulting in the colonial character depends on the 
structure of the individual cell envelopes. In Coelastrum^ as in Scenedes?nus, an inner 
layer staining with cellulose reagents can be distinguished from an outer pectic layer 
staining with aqueous fuchsin and tannic acid vesuvin. Senn ( 5 ) found that the 
parent ceil membrane, on liberating the offspring cells, splits into two hemispheres 
only attached at the point nearest the centre of the original colony. They finally 
dissolve, and do not take part in the formation of the offspring colony as had been 
assumed by earlier workers. Soon after division the two layers of the will can be 
distinguished in the offspring ceils, which, according to Senn, produce them anew in 
each generation. The offspring colonies may remain attached, however, to the 
basket formed by the cell-walls of the previous generation; sonietimes three genera¬ 
tions may thus form a single compound colony, but in most cases the offspring have 
dissociated before this stage. 

Further observations on the envelope were made by Rayss (3). The production 
of isolated cells was studied under experimental conditions by this author. Since in 
the colony the cells are attached together by means of mucilage belonging to the 
outer layer of the cell-wall, the process of dissociation, whether congenital or 
postgenital, must be regarded as a variation of the envelope. Rayss also figures 
simple variations in thickness of the outer layer and the occurrence of stratifica¬ 
tion in some cases. Senn had previously noted that the cellulose layer was thicker 
and sometimes two-layered in hypnocysts. In some of the most remarkable variants, 
however, the outer layer is not uniformly distributed over the surface of the cell, but 
appears in the form of separate discs. Rayss found such variants in cultures containing 
glucose, and compares them with similar forms observed previously by Chodat (1) 
in Pedlastrum' In a concentrated saline solution, and in Proiococcus and other 
Algae. ' ' . , , 

The different species of Coelastrum are distinguished by differences in the 
character of the envelope and the form of the ceils. The former are of interest 
here in relation to the phenomena to be described below. In C, microporum, Naeg., 
the cell-wall is practically of uniform thickness. In others the outer layer is produced 
into equatorial processes, connecting the cells together, or into polar outgrowths. 
The former' reach' their, maximum development in' C. retkulaium^ (Dangeard) Senn 
■i^Mariotinay '^l^ In,.'the ,genus, 'Connecting ' processes' occur, 
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although the majority of species do not possess them. They are especially well 
developed in S, iropkiis, Crow, where they are clearly of the same morphological 
nature as in Coeladrum. Polar thickening occurs in C. camhricimi^ Archer, and is 
well marked in C. prohoscideuvi^ Bohlin. The large mucilage outgrowths of the 
related Burkillia corfiuta, W. and G, S. West, are a further expression of this 
tendency. It is noteworthy that Scenedesmus presents analogous phenomena. The 
cells of many species of the latter genus are provided with spines and teeth which are 
mere modifications of the outer layer of the envelope. 

In C, Morus, W. and G. S. West, the thickenings of the cell-wall take the form 
of papillae. C. schizoderinaticiim. Rich, shows this type of envelope with the addi¬ 
tional feature of exfoliation of portions of the membrane. The papillae appear to 
correspond with the connecting processes of other species, although here the cells 
cohere by broad flattened surfaces. Small circular or four-cornered caps are de¬ 
tached by fission of the outer layer of the cell-wall along lines connecting the 
papillae ( 4 ). Rich suggests that the cell-wall may become more mucilaginous at 
the points where the pads are formed, and this may give rise to the splitting off 
of the caps. 



a. Cell-wall after liberation of offspring colony. /, primary plane of fission; secondary 
plane of fission, b. Single cell of parent colony before liberation of offspring colony. The cell- 
wall is shown in optical section in h. 

Whilst examining collections of freshwater plankton made by Professor F. E. 
Fritsch in Ceylon, and which have been described elsewhere (2), C. reticuhmi^ 
(Dangeard) Senn, was recorded from the lake at Panadure. Some of the colonies 
were typical vegetative colonies of this species, other specimens were in reproduction 
by means of autocolonies. Further observations on the latter show what appears 
to be a previously unknown phase in the development of the cell-wall of Coela- 
sfrtmi. Amongst the specimens concerned traces of the connecting processes 
characteristic of C. reiiculaium were found in the young colonies as in the figure, 
so that they may be assigned to this species. The parent cells had a diameter 
of 12 to 21 fjL, and the offspring cells measured 3 to 6/^. In colonies where the 
cells bad already undergone division to produce offspring colonies, but in which the 
membrane had not yet split open to liberate the contents, an incomplete splitting was 
observed, as shown in the figure above. The outer layer bad broken up into a number 
of small segments which could be particularly well seen on mounting in glycerine 
jelly. Some of the segments appeared to be becoming detached. The phenomenon 
is in fact siriiilar to the segmentation and exfoliation of the membrane in C. scMzoder- 
mafzcum^ but the latter is not associated with the process of division. The caps, too, 
were not so extensive as in C. schizodirmaticum\ in number they roughly equal the 
cells in the offspring cpldny. Their arrangement is a regular one, like that of the 
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thickenings in C. Mortis, although flatter than the latter structures. Apart from their 
regularity they might also be compared with the discoid thickenings in the forms 
figured by Rayss and referred to above. It is doubtful whether the segmentation ob¬ 
served has any functional^ connexion with the subsequent splitting of the membrane 
to liberate the offspring colonies, although structurally comparable with it. In one 
empty membrane, however, a secondary plane of fission {s in figure) was represented 
in one of the hemispheres separated by the primary plane of fission (/> in figure) and 
approximately at right angles to the latter. 

In some unicellular Isokontae the membrane of the sporangial cell separates into 
a number of portions corresponding with the number of spores formed. In others 
the membrane merely divides into two hemispheres, whilst four, eight, or more off¬ 
spring cells are formed. The latter occurs frequently in species of Coelasit'um. The 
variants described above are therefore of interest in showing the incipient develop¬ 
ment of the former type in the genus Coelastrum. In still other autosporous forms the 
conversion of the cell-wall to mucilage sets in concurrently with cell-division, so that 
splitting does not occur. 

In the phase of development figured (h) the envelope of Coelasinm is comparable 
with that of Schizochlainys. In both the outer portion is segmented, but in Schizo- 
chlamys the inner layer is represented by a wide mucilage sheath, the persistence 
of which leads to the adhesion of the colonies into compound aggregations or 
thalii which may attain macroscopic dimensions. This difference must not be 
regarded as excluding the possibility of close relationship between Coelasirum and 
SchizochlamySi since the change of a membrane to a layer of mucilage is of very 
common occurrence in the autosporous Chlamydomonads. Coelasinm and Scene- 
desmtis both exist in a palmelloid phase (1, 5 ), whilst in the related Nepkrocyimm 
a definite Schizochlamys state is described (1). The segmented portions in Schizo- 
chlamys have the microchemical properties of the outer layer in Coelasirum, and 
according to Chodat (1) do not show the reactions of cellulose. The mucilage 
layer of ScMzocMwnys, moreover, appears before cell-division of the contained 
protoplast, and does not therefore belong to the daughter-cells. Splitting generally 
takes place about the time of cell-division, but is not always correlated with it. 
S, gelaiimsa, A. Br., for instance, often shows considerable splitting of the membrane 
in undivided cells. Frequently the number of segments corresponds with the number 
of cells, but this is by no means invariably the case. S, hyalina, Fritsch, is remarkable 
for the varying number of pieces. 

The mode of development of the envelope in Oocysiis shows certain comparable 
features. In this genus, as in Coelasirum^ an internal cellulose layer and an external 
pectic layer are represented. In many species of Oocysiis there are thickenings 
of the outer layer, generally two in number, one at each end of the ellipsoidal 
cell When the cell divides the membranes are converted into mucilage, but the 
thickenings remain as prominent caps at the poles (1). A similar mechanism is 
evidently at work in C. schizodermaticum^'^iCa^^u^ in the form figured here, the 
amount of mucilage being much less in these latter types. It is evident that in 
CoelastruTU' allied genera the process of splitting is a secondary result of differen¬ 
tiation of the various The strong tendency towards localized thickening 

; which; is'/'shown/in/'the'; com 'given.'.above "of' .the envelope, .structure in 



Notes, 


401 

different species is another impoitant factor. The very varied types of structure 
in the genus can thus be reduced to very simple terms, and therefore do not involve 
important systematic differences. 


Summary. 

Stmwiary, A new type of variation in the structure of the envelope of Coelasirtmi 
is described, and certain relationships between it and other known types of envelope 
structure are pointed out. A number of apparently diverse modifications in the 
envelope of Coeladrum and other genera are thus elucidated, and are found to 
agree in essential morphological features. 
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W. B. CROW. 


TWO MYCOLOGICAL METHODS. I. A SIMPLE METHOD OF FREE¬ 
ING FUNGAL CULTURES FROM BACTERIA.—When, the inoculum from 
which a fungal culture is to be started is contaminated with bacteria, as is often 
the case with inocula derived from nature, it is desirable to make the sowing* on 
a medium which will allow rapid surface growth of the fungal colony, while at 
the same time slowing down the growth of the bacteria. For this purpose acidfr 
lied media are often used. The writer finds that a medium of plain agar (15 grains 
agar to the litre) has many advantages. - The rate of surface growth of many, fungi 
on plain agar is as fast as, and in many cases faster than, that on a richer medium,, 
the effect of the feeble conditions of nutrition being shown merely in the thinness of 
the fungal mycelium. Under such'starved conditions, however, the-bacteria, multiply 
only 10, a limited extent, '.and thusa-.'-eoncehtration of bacterial excrete 'products" sufii’-;: 
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cient to interfere with the growth of the fungus colony is not reached. The converse 
effect is seen in rich neutral media, where the bacteria multiply so rapidly that the 
fungal spores may even be prevented from germinating. 

A fungus which is contaminated with bacteria will often, when sown on plain 
agar, grow away from the bacteria, so that all that'is necessary in order to obtain a 
clean culture is to transfer from the growing edge of the colony. In other cases, 
however, this is not possible, as a thin film of bacteria surrounds the hyphae right up 
to the growing tips, i Now it has been observed that the bacteria are confined to 
the surface of the medium, so that a transfer taken from below the surface is always 
bacterium free. 

The method of procedure is therefore as follows: A Petri dish of plain agar, 
the layer of gel being about half a centimetre deep, is inoculated in the centre with 
the fungus in question. When the colony has grown for about five or six days the 
medium is cut through ■with a sterile knife in advance of the growing edge, and 
the colony is turned over. The inoculum is then taken from the original under 
surface, care being taken not to break through to-the other side. 

The present method would obviously fail in any case where the fungal hyphae 
do not grow down into the medium or where the bacteria do so. No such case, has 
so far been met with by the writer, so that in ail probability the method is of. very 
general application. 

Fungi such as Saproleg 7 na^ Pyihium, Fusarhmi, &c., which on isolation ‘ are 
generally contaminated with bacteria, are readily cleaned in the manner described. 

, II. A METHOD OF ISOLATING SINGLE' STRAINS OF FUNGI BY- 
GUTTING OUT A HYPHAL TIP.—fhe method is modelled on that of Edgerton ^ 
for picking up single spores. The main requirement is a microscope with a sub¬ 
stage condenser which can be swung out. The condenser is removed, and in its 
place is inserted a cork with a deep groove cut in the upper surface. Into this 
groove is wedged vertically a spring clip (such as is used with a burette). A 
glass tube is fixed more or less horizontally in the clip, so that it is above the stage 



and reaches to the field of the microscope. In order to confer the necessary rigidity, 
two notched pieces of brass are soldered to the clip, and between these the glass tube 
passes. A metal rod is clamped in a vertical position to the edge of the stage and 
projects below it The condenser carrier is held against this rod by means of a 
rubber band, so that when the condenser screw is turned the apparatus'is con¬ 
strained to move up and down at right angles to the stage. The glass tube is 
shaped as in the diagram above, the capillary end being cut or ground, so that when 

^ Phytopathology, 1914, iv. 115-iy. The mechanism described is similar to Edgerton’s, and 
a reference to the illustration given by the latter will show the general.appearance of the apparatus. 
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the tube is in position the capillary .orifice is horizontal. The tube is so shaped 
to avoid fouling the objective of the microscope and also the sides of the Petri 
dish containing the fungal culture. 

In cutting out a hyphal tip one proceeds as follows: The condenser holder 
is raised to its highest point and the capillary orifice centred in the field of the 
low-power objective. This is readily effected by sliding the tube through the clip 
and rotating it on its axis. A Petri dish culture of the fungus is placed on the stand 
of the microscope, and the capillary tube lowered till nearly in contact with the 
medium,^ The tube is then swung out of the field, and an examination made of the 
margin of the colony until a hyphai tip is found so sufficiently isolated that it can be 
picked out by the capillary. In this examination the deeper layers of the medium 
must also be carefully explored. The capillary is then swung back, and after it is 
seen that the orifice covers the particular hyphal tip and no others, the tube is plunged 
down through the medium by screwing down the condenser holder. A plug of 
medium carrying with it the hyphal tip is thus forced up into the capillary. The 
“lube is then withdrawn and the plug blown out into a tube of sterile medium, 
where the presence of a single hyphal tip may be confirmed by microscopical 
examination through the glass. 

The success of this method depends on growing the fungus in such a way 
that a single hyphal tip is readily isolated. The following is the technique of dealing 
with certain Fusarhm strains. The details will probably require to be modified 
somewhat for other fungi. 

The fungal inoculum—usually in the form of spores—is placed on a small 
plate of plain agar. With this medium the density of the hyphae is reduced to 
a minimum. The colony is allowed to grow to such a size that its margin is well 
away from the original inoculum, some of the spores of which may remain un¬ 
germinated. Even in such a thin colony it is in general impracticable to pick up 
readily a single ’ hyphal tip. Using the apparatus as above described, a plug of 
medium is picked up from the edge containing only a few hyphal tips. This plug is 
then transferred to another part of the plate. After a lapse of about one day these 
few hyphal tips, having the whole circumference in which to spread out, are found to 
be so widely spaced that the picking out of a single tip is an easy matter. 

The process has the advantage of being very expeditious, and with practice 
all the operations become mechanical. With cultures at the right stage it is 
possible to carry out the operation of picking up a single tip in a few minutes, so that 
a batch of 40 or 50 cultures can easily be carried through in a day. Between each 
operation the capillary tube is placed in a beaker of boiling water. 

In view of the very small area of the medium picked up, the risk of contamina¬ 
tion from air-borne spores is very small. -However, as a precaution against contami¬ 
nation the writer always disinfects beforehand the room in which these operations are 
to be cffiTied out. ; Qtit of several hundredTiyphal tip cultures which have from time, 
to time been'prepared in the manner described, only in■ one, case did' contamination 
from'an .externa! source appear. ■ 

In dealing with admixture' 'of 'two-.fungi' the' method' has the disadvantage, that' 
it only isolates the faster growing constituent. It is applied to greatest advantage in 
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the setting up of cultures which can be guaranteed free of admixture with any other 
organism. For this purpose it is, at least in the case of Fusarwm, much superior to 
any of the ordinary spore methods. The best of the latter methods are very laborious, 
even in the case of organisms with large spores. With organisms which possess very 
small spores the labour involved in obtaining a culture which can be guaranteed 
to arise from a single spore is often excessive, and when spores of different sizes 
w^hich may belong to one or more than one organism, are present, the spore method 
is fraught with great danger, as a small spore, if slow to germinate, could easily 
be passed over when lying in the neighbourhood of a more quickly germinating large 
spore. Ill the case of sporeless fungi the hyphal tip method is, of course, the only 
one available. For the general purpose of obtaining pure cultures and for the parti¬ 
cular purpose for which it was elaborated, viz. the separation of saltants in a 
saltating culture, the hyphai tip method is in the writer’s experience much superior 
to any of the usual methods, both as regards ease of manipulation and certainty of 
result. 


W. BROWN. 


Imperial College op Science 
AND Technology, London. 


NOTE ON THE PREPARATION OF HERBARIUM MATERIAL FOR 
HISTOLOGICAL STUDY.—In the study of floral development it is often desirable 
to compare not only the adult materials with type specimens, but also to secure what¬ 
ever information can be drawn from the earlier floral stages, which are frequently well 
preserved in herbarium ^specimens. It has been matter for some surprise that while 
adult flowers are so commonly damaged in herbarium specimens by desiccation and 
pressure, the most minute flower-buds, though compressed and brittle, may retain 
their chief histological features, and may be open to detailed study with results 
which compare not unfavourably with those obtained from recen|, materials 
fixed in alcohol alone. The method of treatment of herbarium materials under 
investigation here discussed is not in its essentials novel, but the re^;ults secured 
have been so satisfactory, even with flower-buds pressed towards the close of the 
eighteenth century, and from which a full developmental story has been secured, 
that the routine followed in our work seems worthy of record. 

The materials are immersed in a mixture of 5 to 10 parts sodium hypo¬ 
chlorite solution and 95 to 90 parts of water, and kept therein at room-temperature 
for from two to ten days until a complete penetration and softening of the tissues is 
indicated by their transparency. The danger of over-softening is so great when the 
penetration is hastened by the employment of a strong solution of sodium hypochlorite, 
and the advantage of accelerating the penetration by heat is so doubtful, that a slow 
action with weak solution has been relied upi»n and has fully justified itself. 

It seems desirable to note, lest any confusion should arise, that sodium hypo¬ 
chlorite (NaOCl) is similar in constitution to eau de Labarraque, and may be 
purchased in the solution above referred to, which has approximately five times the 
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strength of the latter. When the materials ’are fully bleached they are as a rule 
so soft that it is essential to avoid handling them in the washing which follows. 
A suitable receptacle, in which not only are the materials washed with safety in 
running water, but are later dehydrated, stained in bulk if desirable, and impregnated 
with xylol, is a glass tube some three inches in length, about one inch in diameter, 
and open at both ends. A piece of fine gauze is stretched and tied over both ends, 
ensuring free water circulation within the tube during washing and avoiding 
unnecessary handling of the materials contained in the tube while they are still soft 
It is found advantageous in the dehydration which follows washing to employ 
a series of 6-oz. glass-stoppered, wide-mouth bottles containing from 2-| per cent, to 
absolute alcohol as indicated in Chamberlain's Methods, 1915, p. 105. Glass beads 
placed in the ba:toms of the alcohol-bottles aid in the sedimentation of debris which 
accumulates rapidly during dehydration. The tubes in which the materials have 
been washed are immersed in the succession of alcohols. The materials are as 
a rule sufficiently hardened before their entry into the series ot xylols to ensure their 
safe handling in the later stages of preparation. 

W. HORTON. 


Hartley Botanical Laboratories, 
Liverpool University. 




The Cytology of the Cotton Plant. 

I. Microspore Formation in Sea Island Cotton. 


BY 


HUMPHREY JOHN DENHAM, M.A. (OxON.), F.R.M.S. 


( The British Cotton Indtistry Research Association'")^ 

With Plates XI-XIV, 

Introduction. 

I N the present paper the cytology of pollen formation in Sea Island 
cotton {Gossypium bardadense^ van Mariiimay Watt) (1) is briefly 
described, with special reference to the reduction division of the pollen 
mother-cell and chromosome ntimber. These observations form part of 
a series of investigations on the cytology of the various cottons in 
cultivation; their bearing oil the problems of scientific cross-breeding and 
improvement of commercial cottons forms the subject of a separate paper 
in preparation, and therefore need riot be discussed here. 

Two papers only have been published on the cytology of Gossypium^ 
neither of which deals with the type urider consideration, though the forms 
discussed are sufficiently homologous to admit them for comparison. The 
first, published by Cannon ( 2 ) in 1903, deals with the cytology of a hybrid 
between commercial Sea Island and Upland plants,- with special reference to 
the production of nuclear abnormalities by special crossing. The cytology 
of the . parents was ■ apparently not -studied, but the general outline of the 
nuclear history agrees fairly consistently with the known behaviour of the 
sporocyte " in "Other Angidsperriis, and with the observations below. Some 
Tp figures are given, many of them- of-abnormal conditions, and thechromo- 
sorrie number of the hybrid is stated at a8 (haploid). 

' The-second paper, by Balls; ( 3 ) in'-1910, which deals', with the cytology 
■of 'the-'-Egyptian..; (a commercial .type approximating';" to■ 

G.^btirbadense)^ is ch'iefly.^'an .attempt' to' establish a mechanism, of nuclear 
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division which would account for the absence of the centrosome in the 
higher plants, and describes certain ‘ thread»ring' structures which are 
supposed to unite the ends of the spindle fibres, persisting through the life of 
the nucleus, and taking an important part in the behaviour of the spireme; 
one plate is given, and the haploid chromosome number is stated as 20, 
This ' thread-ring ' theory of karyokinesis seems to have escaped the notice 
of later writers, and the structures have not been described in any other 
plants. Details of the developmental history of the flower, and of the 
micro- and mega-sporangia may be found in an earlier paper by the same 
writer ( 4 ). 

Material and Methods. 

Some 300 plants were available in the Shirley Institute experimental 
greenhouse, raised from seeds of pedigreed pure strains which had been 
brought from St. Vincent by Dn S. C. Harland. This material had in every 
case been seif-fertilized for at least six generations, and was in consequence 
homozygous to a very high degree. A certain amount of material from 
other sources was also available for comparison, including Trinidad native 
types, commercial Uplands, and Egyptian Mit Afifi^ thowgh. no haploid 
material of the latter was obtainable during the period of these investiga¬ 
tions. A large number of fixing solutions were tested on buds and root- 
tips, and it was found that the most satisfactory preparations were given by 
yon Tellyesniczky’s potassium dichromate-acetic acid mixture ; the addition 
of small quantities of osmium tetroxide gave slightly sharper chromosome 
definition, but could not be used in all cases on account of the presence of 
fats and lipoids. Fixation was carried out at the temperature of the green¬ 
house, the buds being first stripped of their involucres to facilitate rapid 
penetration of the fluid. No improvement was produced by fixing under 
reduced pressure. For dehydration, the recently published technique of 
Mile Larbaud ( 5 ) was used, in which commercial butyl alcohol is substituted 
for the higher grade alcohols and xylene mixtures, with very , marked im-■ 
provement. Approximately correct diameters of buds for fixing are as 
follows (involucres removed): 

Synapsis, 3 mm.; diakinesis,3-5 mm.; tetrad spindles, 4 mm. 

When a considerable number of buds had been cut, it was foun^’ that: 
late anaphase stages were almost completely absent. It appears from the 
researches of Laughlin (6), that in Allmm root-tips the anaphases are 
accomplished considerably more quickly than the other stages, and it would 
■ appear'thatTn the present case chromosomes entering on anaphase pass 
into telophase before they are reached by the fixative. To overcome thiSj^ 
a modification of , Carnoy’s; fluid was used (ethyl alcohol 40 per cent.,'.glacial 
■;.acetic.■ acid';4o' ;per,';.:Ceot.^, chloroform'' 30 .per' ■cent.) with complete.'.,vsuccess. 



Denham.— The Cytology of the Cotton Plant. T 409 

The materia!-after fixation was taken through a graduated series of alcohol- 
chloroform mixtures into pure chloroform, to which paraffin wax was added 
gradually, , and finally transferred to pure paraffin wax for embeddings 
This gives excellent nuclear fixation, though slight distortion of the cyto-- 
plasm may sometimes occur. In a few cases, Bpuih^s fluid was used on 
account of the sharp chromosome plates which it is said to give, though no 
improvement on the dichromate fixative could be observed. 

Sections were cut at thicknesses ranging from s to 8 on a Leitz-Minot 
microtome^ The most satisfactory stain for general purposes was the 
standard Heidenhain iron-haematoxylin, though Bolles Lees ( 7 ) recent 
technique for rapid staining and differentiation wa*s used in a few instances, 
and Ehrlich’s haematoxylin was employed for temporary preparations. 
Gentian-violet (Gram) gave a few very satisfactory preparations of multi-* 
polar stages. Sections were in the main mounted in euparal, which seems 
to give sharper definition than Canada balsam, with slight loss of depth of 
focus due to its lower refractive index (1*483). 

On the whole, the material was rather capricious as regards fixation, 
and a large number of buds had to be cut to secure a representative series of 
nuclear stages, though little difficulty tvas experienced In obtaining crisply 
stained and well differentiated preparations in properly fixed material 
Several different stages can usually be found in different anthers of the same 
bud ; such variation is greater in the winter months than in the summer, 
sf and November buds show all stages from synapsis to tetrad formation. 

^ CytologicaL History. 


The Archesporium. 

In Gossypmm^ as in other species of the Malvaceae, the bilocular reni- 
form anthers are arranged in typical looped Testoons ’ on a stammal 
column, the lowest five being theoretically sterilized to form petals. In the 
earliest stage of the development of this column the festoon arrangement 
can be clearly distinguished, but as the Anthers are carried up by the 
staminal column they can still be recognized as formilig five double vertical- 
bands -of primordia; with further' extension the arrangement becomes 
obscured, the anthers forming a densely packed layer on the surface of the 
column,-though in cross-section the five . double rows can still be seen. 
V 'Owing toThis' packing of the anthers their natural orientation is obliterated, 
.and in -cross-sections the- loculi will be cut-at every possible angle,, 

-The':/'first''differentiation of- the anther, primordia occurs' -when the 
bracteoles are" sufficiently-developed'to' meet at the-bud apex -and form 
a''prote-ctive sheath. A' true epidermis is first formed,-increasing by -lateral 
■^flivision- and':-pe-rsisting in the--mature anther. - . The archesporium ' proper 
'- arises '^from,' the' 'subepider'mal'' lay'er,','localized''areas of ' which ,'divide"-t-o-Torm 
T' "E e % ^ 
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three well-marked zones of cells, the innermost giving rise in due course to 
the pollen mother-cells. The morphological value of the arcliesporiiim is 
low, and it is almost impossible to distinguish the particular subepidermal 
cells from which these layers are formed, or to follow the process of nuclear 
division at this stage, o’n account of the small size of the nuclei and the large 
somatic number of the chromosomes; but numerous well-defined spindles and 
plates can be seen, showing the planes in which cell-division is occurring. 

The Premeioiic Division. 

The cells in the third layer differentiated by the archesporial divisions 
enlarge rapidly, while the surrounding layers continue to divide, and now 
appear in longitudinal section of the loculus as a definite band of tissue ; the 
cytoplasm is dense and granular, and there are no vacuoles. When they 
have attained a diameter of about 14 jut they put in one final division, the 
premeiotic, from which they emerge as pollen mother-cells. 

Owing to the rapidity and the fugitive character of this division, 
together with the large number of chromosonies and their small size, it is 
difficult to determine the exact sequence of events at this stage. The most 
striking feature is the definite increase in the amount of chromatin which 
takes place in the prophase; this, as in the case oiPrimula investigated by 
Miss Digby (8), appears to be produced by a process of budding from the 
nucleolus, which shows a very marked reticular-alveolar structure. During 
the earlier part of this phase the nucleolus often appears to be held in place ' 
by one or two bands of achromatic substance, which cross the nucleus 
diametrically (Fig. i, PI. XI); when a complete nucleus is found in a thick sec¬ 
tion, a characteristic ' cross ' is seen. As the nucleus enlarges, more and more 
chromatin beads are seen, strung out on a fine achromatic reticulum which 
simultaneously thickens and becbriies more visible (Fig. %). The chromatin 
joins up into a continuods looped spireme, which fragments in diakinesLs, 
the segments (in which no split can be discerned) becoming shorter and 
thicker (Fig. 3). There' is no evidence of triple spindle formation, such as 
occurs later in the meiotic division. The riucleolus in prophase keeps its 
"size, but,becomes progressively less chromatic and finally disappears at the 
"diakinesis (Fig. 4). 

' In the metaphase (Fig. 5)" the chromosomes form a thick plate', , and in 
diaster the individual dyads can be seen' as short rod-shaped bodies,'of the 
same shape as those of the root-tip mitoses, and markedly different from the 
coccoidal form which they assume in the meiotic arid post-meiotic divisions. 
Spindle-formation occurs with faintly visible polar differentiation. There 
'are mo signs of the peculiar thread-ring structures described by Balls ( 3 ) in 
V. both, somatic and ^haploid',cells. . 

In' the ■ anaphase' (Fig. '6),. the polar' bodies become temporarily 'more 
pronouncediThe:\chro'm,osQmes, as they,pass-.up the spindle,'may' -show'the'' 
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usual V- and Y»forms, though these cannot readily be resolved. There are 
usually several laggard chromosomes, and in these cases it may occur that 
two or more are seen joined end to end and passing up the same fibril ; this 
would seem to point to an incomplete separation of individuals in dialdnesis. 

In telophase (Fig. 7), a slight condensation of the chromosomes occurs 
before the first sign of the inception of the partition wall in the phragmo- 
plast, but with the formation of the nuclear wall the chromosomes separate 
from one another (Fig. 8) and, as far as can be distinguished, join up to 
form a continuous spireme by a fresh fusion of the chromatic substance. 
As the spireme loosens out, the chromatin segregates into small beads along 
it, while at the same time one or two small karyosomes appear (Figs. 9, 10). 

The nucleus then passes into the resting stage, and the beaded spireme 
moves outward to the nuclear periphery, while the chromatin is apparently 
resorbed by the nucleolus, which increases rapidly in size; if two nucleoli 
are present, fusion apparently takes place, since only one persists. The 
structure of the nucleolus is obscured by its greatly increased affinity for, 
stains, but there are distinct signs of alveolation (Fig. ii). A few small 
beads of chromatin remain in the achromatic .reticulum during the resting 
stage. 

Meiotic Prophase. 

The first indication of the onset of the reduction division is given by 
the separation of the cytoplasm of the pollen mother-cells from the sur¬ 
rounding tissue (though in most cases the cytoplasm continues to adhere to 
the mother-cell partition walls), so that they swim more or less freely in the 
locular cavity (Fig. i, PL XIV). This appears to be due to a definite con¬ 
traction of the cytoplasm ; it was observed with all the fixatives used, and 
has been recorded by both Balls and Cannon. No reference to a similar 
contraction in other material is forthcoming, except in the case of Syringa^ 
which Juel ( 9 ) considered an abnormality. 

Simultaneously with this contraction, the tapetal layer begins to | 
divide,; in many cases no wall is laid down between the new nuclei, with the. | 
.result that many tapetal cells-are binucleate. As, in other plants, ' the 
nuclear divisions are very irregular,, and many abnormalities can' always, be 
found in the tapetum of otherwise normal anthers. 

The first sign of renewed nuclear activity is found in the thickening and 
proliferation,' of the achromatic .reticulum, while the sparse, chromatin beads 
already- present enlarge and'become more prominent (Fig, is). ' The 
-achromatic, reticulum, develops, rapidly as thexell enlarges, filling the nuclear 
cavity with its ramifications (Figs, 13, 14),, while the^ chromatin-beads break 
,up 'iiito -smaller-granules which .pass out into the new network, where they 
mark the i'ntersection^ of the- strands.; At this ;stage signs of pairing become., 
evident, though it is not clear how far this parallelism, real!y''exlsts'an^ 
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oiuch is due to the superposition of strands at different depths in the 
nucleus. 

Synapsis. 

The synaptic contraction comes on rather suddenly, and it is difficult 
to find a Ml series of intermediate stages between the fully developed reti¬ 
culum and the S3maptic knot. The first indication of approaching synizesis 
is given by the loosening away of the leptonema from the nuclear wall on 
the opposite side to the point of contraction, with a slight massing of the 
reticulum about the latter (Fig. 15). In complete synapsis the knot is 
apparently bounded by the strands which had previously been peripheral. 
Slight changes can be made out in this bounding layer, in thin sections, 
during synapsis, but it is impossible to resolve the centre of the knot 1 no 
loose ends or loops can be seen in knots which have not been touched by 
the knife. The nucleolus lies to one side of the knot and partially embraced 
by it (Fig. 16, PL XI and Figs, i, 2, PL XIV). 

In the loosening»out stage the knot becomes less granular and more 
fibrillar in appearance. Loops appear at the edges, in which cliromomeres 
and a longitudinal split can be made out, pointing to the fact that syndesis 
has occurred, and that the spireme is now zygotene. The nucleolus is 
pushed out of the loosening knot, and lies caught up in the looped spireme 
(Figs. 18, 19, PL Xf) ; its structure is now much more homogeneous, and in 
most cases no alveolation can be observed when the loosening is complete, nor 
has any chromatin budding been observed from this stage onwards. The 
spaces in the synaptic knot are still occupied by an achromatic substance, 
which disappears as the loops emerge (Figs. 3, 4, 5, PL XIV). 

In view of the Importance of the changes which take place during 
synapsis, every effort has been made, by varying staining and fixation, to 
obtain preparations in which details of the changes in the s^maptic knot 
might be observed. Synapsis is here a phase of relatively long duration, 
since it is possible to cut buds in which every nucleus shows close synizesis, 
whereas in other buds, both younger and older, several different stages may 
be obseiwed simultaneously. It has not been possible to follow more than 
the changes which take place at the extreme edge of the knot, however, 
even in the thinnest sections, and at the'extreme ' limit of microscopic 
resolution. 

The following tentative observations were made : 

I. At the completion of the contraction the knot is bounded by the 
leptonema, which was originally peripheral to the nucleus. 

' 2., The achromatic substance condenses to form' a sponge-like, reticulum,, 
the spaces of' which are occupied by a hyaline plasma; .the chromatin is 
precipitated in this plasma in the form of fine granules,, which are'presum- 
' ably free to 'move in"' the interspaces 'of the achromatic reticulum. , 
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■ 3. The synaptic knot expands slightly, and the acliromatin takes on 
the form of a single tangled thread, with no sign of a split. 

4. The chromatin granules are redeposited from the hyaline plasma on 
to the thread in a fairly even layer. They then appear to pass along the 
thread, forming rounded aggregations at iiregular intervals, 

5, The thread splits between these aggregations of chromatin, and as 
the split extends they pull apart into apparently' equal portions or 
chromomeres. 

The theoretfcaL aspects of synapsis have been considered in some 
detail by holders of the parasynaptic theory of conjugation; under their 
scheme, the association of parallel threads before and during synapsis 
represents the pairing of entire chromosomes to form bivalents^ which after 
much shortening and thickening are separated in the heterotypic mitosis, 
during the anaphase of which (or earlier in the case of chromosome tetrads) 
the split that is to function in the homoeotypic mitosis makes its appear¬ 
ance (Sharp, 10), Under the telosynaptic theory of conjugation the splitting 
of the thread represents the division of unwaient chromosomes along the 
line which will again become evident in the heterotypic anaphase and the 
homoeotypic mitosis; this splitting may have had its origin in the pre- 
meiotic telophase. The bivalent chromosome is in this case formed by the 
association in pairs (at first end to end in the spireme, but later side by side) 
of segments of this split spireme at the time of the second contraction. 

Conjugation in Gossypium is clearly of the telosynaptic type, as can be 
seen from the later behaviour of the spireme, and this observation seems 
fully confirmed by Cannon’s account ( 2 ) of the formation of the chromo¬ 
somes, published, however, before Farmer and Moore ( 11 ) had given the 
first definitive account of the process, or Farmer ( 12 ) had emphasized the 
essential differences between the telosynaptic and parasynaptic theories. The 
theory of the telophasic splitting, found by Miss Dlgby in Galtonia ( 13 ), 
Prifutda (8), Crepis ( 14 *), and especially OsMunda ( 15 ), and by Miss Fraser 
in Vida ( 16 ), here lacks direct confirmation, though such splitting is thought 
to occur in the meiotic telophases. 

' In Miss Digby’s description of the synapsis of OsMunda ( 15 ), in which 
it nan be observed with exceptional clearness, it appears that the thread 
'.structure of the half univalent chromosomes is never obscured while the 
association of the threads and their sorting, out is effected, noi is theie any 
' change ;'in' the' distribution ' of the chromatin along them. Considerable 
divergence of opinion exists as, to the nature of the. chromomeres. Stias- 
burger '( 17 , 18 ), held that these are complexes of the ‘ pangens ’ of de Vries, 
interchanged during conjugation. ■ Allen ( 19 ), in an account of the para- 
'.synapsis of holds that the fusion, of the leptotene threads involved 

.''the'fusion of 't^^^^ which he took to becompo'sedofstilismaller 

chromatic elements,, the : resplitting of the^ pachytene thread being started by 
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the redivision of the chromomeres. Gregoire (20)^ on the other haod^ denies 
the individuality of the chromomeres, which he considers merely as thickened 
portions of an unevenly stretched thread: Wenrich ( 21 ),however, has found 
in the grasshopper Phrynotettix that in any given chromosome the chromo¬ 
meres show a remarkable constancy in size and arrangement in different 
cells and even different individuals. In the present instance the precipita¬ 
tion and redisposition of the chromatin granules on the univalent thread 
would seem to agree with the observations of Allen, with the exception that 
the split Is initiated not in the chromomeres but in the thread or univalent 
spireme. It is obviously impossible, in view of the length of the spireme 
and the large number of chromosomes, to identify the arrangement of the 
chromomeres. In the majority of preparations the doubleness of the thread 
cannot be made out except in short lengths, which can be found in all stages 
up to the second contraction, and even later* There is no evidence that any 
true fusion of the threads takes place, though the closely associated halves 
may appear at first sight as a single thick thread ; at .the same time there 
is nothing to prevent the formation of the ^ chiasmatypes ’ of Janssens ( 22 ), 
with their important bearing on genetics* The loosening out of the univalent 
spireme from the synaptic knot is very much more gradual than the previous 
contraction, and agrees very closely with the process as reported in Primula 
fipribunda by Miss Digby (8). The loops emerging from the knot are for 
the most part obviously univalent, though occasional portions are twice as 
thick as the remainder, showing marked twisting, with frequent longitudinal 
fission. This points to a certain amount of chromosome association already 
having taken place in the synaptic knot, with precocious formation of 
bivalents, though it is usual for this to occur only in the later second 
contraction. 

As the nucleus passes into the well-known ‘ open spireme* stage (Figs, 
ao, 21) the looping becomes more and more accentuated until the knot is 
entirely unravelled and the loops have reached the periphery. At points 
of contact where there is anastomosis of the univalent strands there is 
always a chromatin bead or swelling (Figs. 22, 23). In some nuclei there 
is evidence of considerable tension on the strands which cross the centre ; 
they are drawn out quite straight, and all signs of splitting are obliterated 
.(Figs.:8, 9, PLXIV)., , 

Examination of serial sections of open spireme stages shows that,the 
spireme is'quite continuous ; the loops pass freely through and'round each 
other, and there is very little anastomosis.'. In this condition' there are ...no 
signs of any parallel' 'arrangement of the strands, except, for, occasional 
, bivalent lengths of', thread.. The height of this, condition is reached; when, 
the wholeof'the spireme has passed out to, the periphery and .'there .are .no,' 
Tonger' any strands crossing the centre of the nucleus (Fig. 24, Pl^ XII). 

With the'formation. of the hollow .spireme",the,,structure of the, cyto-. 
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plasm begins to show marked changes. The nucleus moves .from the side 
of the cell towards the centrcj and the dense and rather granular cytoplasm 
grows progressively more reticulate in a radial patterns increasing in density 
ceotripetally (Figs, ii, 13, PI. XIV). 

The hollow spireme must not be regarded as a condition of nuclear 
equilibrium ; it appears that there are continual changes taking place In the 
arrangement of the loopsj marked by an increase of the amount of anasto- 
mosisj and a general thickening of the whole thread, leading up to the 
second contraction of the spireme, in which the univalent chromosomes, 
united at their ends, are brought into the bivalent condition by the forma¬ 
tion of loops® 

Second Contraction. 

The onset of the second contraction is .extremely variable, and In a few 
cases it has been observed that it is omitted entirely, the nucleus passing 
direct from the open spireme to the segmentation of loops. In general, 
however, the loops of the open spireme withdraw from the periphery of the 
nucleus to one side (Figs. 2,5^ and i.p, Pl.XIV); the spireme grows thicker and 
shorter, staining more deeply, and the chromomeres and chromatin beads 
disappear. At the height of the contraction the spireme can be seen as 
a tangled thread at one side of the nucleus, very much twisted and looped, 
but with non e of the obliteration .of structure which is characteristic of synapsis 
(Fig. 26, PL XII), The nucleolus (which already is becoming markedly 
less chromatic in its staining reaction) lies outside the contracted thread, but 
connected with it by two or more strands, and the whole occupies rather 
more than half the nuclear cavity. At the same time the cytoplasm shows 
an increase of the radial reticulation- already referred to, and the formation 
of the typical perinuclear zone is begun. 

As the spireme comes out of the second contraction it is evident that 
a'very decided contraction and twistinghas occurred and is still continuing, 
with the formation of a ‘ strepsinema’ (Figs. 2:^, a8). . Careful examination 
of , these twisted portions reveals the pres^ce of - very fine achromatic 
strands uniting adjacent threads in a ladder-like-form, and as soon'as 
the loops of the twisted thread reach the nuclear, wall segmentation of, 
the twisted- loops commences. The segmentation and condensation of the 
spireme into chromosomes has been ■ described by. Cannon (2), though his 
account-has ,-been"questioned by Balls ( 3 ),; from the -description and the 
.figures presented it can be seen that,the process agrees almost exactly with 
the present 'Observations, with the. -sole exception that, no ring-shaped: 
chromosomes'have been seen in-'metaphase, nor do they- appear ,to- .have U-, 
V-, or .X'-shapes , in anaphase. 

' As the' loops,' shorten' and -contract,they break away', from, .eachother'-, 
'' and '''assume'''the■'fo-rin of ..'Irregiilaf Pings {F-ig'sLapj^ 'SO, 31)^ ' 'Conjugation haS' 
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occurred telosynaptically, and each ring consists of two^ split (univalent) 
chromosomes arranged end to end : the split in the univalent halves may 
often be visible right up to the final condensation of the ring into the 
bivalent chromosome. Cannon s observation that ^ in any nucleus the loops 
and rings are of a uniform size * has not been confirmed, except in so far 
that no marked separation into two groups of different sizes can be made 
out. As the central split is obscured by further contraction, and diakinesis 
commences, the bivalents become more uniform in shape and size. 

Diakinesis, 

The phenomena of diakinesis and spindle formation are intimately con¬ 
nected with the perinuclear zone already referred to. This zone appears to 
be typical for microspore division in Gossypium, and is possibly character¬ 
istic of the Malvaceae in general: it is found in both the meiotic heterotype 
and homotype mitoses, ^but not in the premeiotic or somatic divisions. 
The formation of such a peripuclear zone and its bearing on the develop¬ 
ment of the spindle structures has been studied in great detail by Miss Byxbee 
( 23 ) in Lavatera^ and has been observed also by the writer in Althaea^ 
Cannon makes reference to records of such zones in Lilium by Mottier ( 24 ), 
and in Larix by Belajeijf ,( 25 ), but these on examination seem scarcely 
comparable. More allied conditions have, however, been recorded by 
Juel ( 26 ) in Henterpcallip^ by Hus ( 27 ) in Cassia^ and by Mottier ( 28 ) in 
Stapkyiea, while similar ^structures have been figured in a number of other 
plants^ and reference should be made to the recent work of Taylor ( 29 ) on 
the genus Acer. 

Up to the point of diakinesis the process in Gossypitim agrees closely 
with that described in Lavatera. The cytoplasm in early prophase is of 
a normal granulo-reticular structure, slightly looser at its periphery than 
round the nucleus, but fairly homogeneous in structure throughout the celL 
Shortly before the nucleus passes into open spireme the cytoplasm appears 
to segregate into two constituents, the one granular and the other fibrous, 

■ the former having a faintly greater reaction to cytoplasmatic stains; and 
while the fibrous component loosens out into an irregular meshwork radiat¬ 
ing outwards from the' nucleus as centre, the granular constituent passes 
, .'inward .towards the nuclear wall, to form a dense layer, the■ structure' of 
'• .which cannot be resolved accurately, but which appears to be very densely 
reticular. In' Lavatera tl!nis zone shades ofif ' gradually" into' the radial- 
■reticulate meshwork, but in Gossypitim the transition" iS' more 'abrupt.;dn 
'■ either case a certain break-down of the regularity of the radial reticulum 
':. occurs'when the granular zone is.-completely formed (Fig* 14, PL 'XIV)." 

From' Miss'Byxbee^s .account it'appears that--'spind'le ■ formation takes 
' .place iiiv the following ' manner.The. m'eshes of ;the ..network, .close'' to'' the. 
nuclear' wall,-pull out :in.- a';.direction parallel to" the, wall, forming;'a;' 
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fibres about the nucleuSj while the granular constituent of the cytoplasm 
■collects in a wide, dense zone about the latter. This perinuclear zone 

■ remains quite distinct from the nuclear wall, and a mass of linin fibres forms 
in the intervening space^ penetrating into the nuclear cavity on the break¬ 
down of the nuclear wall at one or more points. These fibres, and others 
formed within the nucleus, together form a complex in which the chromo¬ 
somes are distributed, and from it a multipolar spindle is projected; two of 
the cones of this spindle become more prominent than the others, which 
they finally absorb, thereby forming the bipolar spindle. The spindle has 
sharply pointed ends, which appear to be inserted in the perinuclear zone, 
and in early telophase there are traces of granular radiations from the poles, 
faintly suggestive (in the figures) of centrosomes. In the homotype divi¬ 
sion the process is repeated more or less exactly. 

The chief point of difference between the spindle formation in 
and in Gossypittm is that in the latter there is no separation between the 
nuclear wall and the perinuclear zone. As the chromosome loops condense 
and pass out to the nuclear periphery the nucleolus disappears and, shortly 
after, the nuclear wall is absorbed. The chromosome rings can at this 
stage be seen partly embedded in the perinuclear zone, which begins to take 
on a distinctly fibrillar structure in the neighbourhood of each chromosome 
mass, the fibrillae radiating outwards through the zone. At the same time„ 
other fibrillae can be seen uniting the various masses (Figs. 32, 33, PL XII). 
Here, as in Lavatera, it is apparent that the fibrillae are from two different 
sources, the radiating fibrils originating .cytoplasmatically from the peri¬ 
nuclear zone, and the connecting fibrils probably from the nuclear linin, 
increased by the absorption of the nucleolus, which has been held by several 
obseiwers to act as a reserve of fibrillar material (Strasburger ( 30 , 31 ) 
and Eisen ( 32 )). A si,milar stage has been described by Taylor ( 29 ) in the 
microsporocyte of A'0r Negundo. 

It is believed that the migration of the chromosome masses from the 
■periphery to the centre of the nucleus is brought about by 'the contraction 
of the connecting fibrils, with the simultaneous elongation of the radiating or 
"Spindle fibrils (Fig. 15, PL XIV). (Traces of the connecting fibrils can still 
be' seen in d'iaster as a fine reticulum uniting the chromosomes.) The whole 
body of the chromosomes in diakinesis passes evenly and simultaneously tO' 

■ the' centre of the nucleus, where at first they form, a dense and almost 
■spherical aggregation (Fig. 34, PL. XII, and Fi'gs. 36' and 17, PL XIV), 
■.■.'though'.■an occasional laggard chromosome may follow at some dista'nce, and 
■.the'"fibresQ the' multipolar spindle are evenly distributed' over, the, whole 
nucleus' ''.as radii from'this .centre. 

■, ■"■in. the'' transition "ft'om" .the. ' multipolar' to " the 'bipolar , conditmn 
■(Fig'S.',3,5~-'8',„PL XI I)," there .does not appear, to'.be any absorption of these fibres. 
'■.:.as described':' in •"'Lavmiera^hnt rather a movement, of the peripheral ■ends of the 
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spindle fibres in the perinuclear zone towards two opposite poles, and as the 
fibres pass round towards these, quadripolar and tripolar stages may be found.. 
Simultaneously, the chromosomes are pulled round from the spherical 
^ggTegd^tlon into the typical flat plate or diaster of the metaphase. 
Traces of the connecting fibrils can still be seen in diaster as a finereticulum 
uniting the chromosomes (Figs. 42, 43, PL XU, and Fig. ai, PL XIV). 

The Meioiic Division* 

It is difficult to distinguish with certainty the point of insertion of the 
spindle ends in the perinuclear zone and their attachment; the spindle is 
usually sharp-pointed, and in no case has there been any evidence of the 
presence of a thread ring uniting the ends of the fibrils as described by 
Balls. In good preparations there are definite indications of a very finely 
reticulate substance in the space between the spindle and the perinuclear zone, 
particularly in late anaphase, which possibly corresponds to the karyolympli 
described by Devise ( 33 ) in Larix and Miss Nothnagel ( 34 ) in Allium, 
The spindle ends frequently at points which a,re not diametrically opposite 
on the perinuclear zone, and in such a case a curved spindle results. 

The chromosomes in typical diaster are coccoid in form, rarely show¬ 
ing a faint line of fission, and their number can be counted as 26, though 
two chromosomes appear to be markedly larger than the remainder; this 
question will be discussed in greater detail below. 

The first appearance of the commencement of the anaphase is indi¬ 
cated by a ring-shaped constriction round each chromosome, and as the two 
halves are pulled apart the ring forms figured by Cannon may sometimes 
be seen. The daughter chromosomes in early anaphase are extremely 
irregular and even angular in shape, and in many cases three and even four 
fibrils can be seen attached to each, the chromatin being drawn out to 
a slight point at their insertions. As the chromosomes are further drawn 
out there may be a further separation of the halves of the univalents, 
indicating the division which will take place in the succeeding homotype 
mitosis. This separation is, however, extremely irregular, and occasionally 
the bivalent chromosome is pulled out into a line of about six irregular 
'.masses of chromatin (Fig. 44, PL XIII). As the univalent chromosomes, pass 
up the spindle the irregularities of shape' disappear and the coccoid form is 
reassumed ; in many nuclei (as in the premeiotic division and in diakinesis) 
there are one or more chromosomes which lag behind the others (Figs. 39, 

" 40),, the bivalentsJn'Such a, case sometimes remaining' undivided when the 
other 'imivalents 'are' in late anaphase. 

' Some difficulty 'has been experienced; in tracing" the transition from 
'''anaphase'to telophase, owing, to. the'rapidity vdth which' the former takes 
. 'place. ','The ,'first' sign, of telophase commencing'is 'seen in"'a slight^ 
d,ecre'ase.,'Of '''the.' density;' .of,'. the" perinuclear zone, ' together...with ' a ■ thickeni'ng' 



Denham.—The Cytology of the Cotton Plant. /* 419 

of the spindle fibres, which bulge out between the daughter nuclei into 
a barrehlike figure. At the same time there is a distinct change in the 
spindle ends, which, from a definite pointed aggregation passing into the 
perinuclear zone, retract centripetaliy, while radial fibres can be seen 
spreading from them inside the zone, though they have not been seen to 
pass into the cytoplasm as described by Cannon, The cytoplasm surround¬ 
ing the nucleus loses its radial arrangement and becomes loose and ragged, 
contracting slightly, and the collapse of the outlying reticulum may give 
rise to thread-like thickenings parallel to its periphery. 

■ The chromosomes meanwhile break up into granules; it is impossible 
to count their number, or to identify them in any way as prochromosomes, 
and the granules are next seen arranged in a light reticulum (Fig. 46), 
apparently passing directly into a thin continuous spireme which is double 
(Fig. 50), while a limiting nuclear membrane forms. In some of the 
preparations examined a very short resting stage was apparently inter¬ 
polated, in which the chromatin seemed to flow along the Hnin reticulum, 
giving the appearance shown in Fig. 47. This stage, though figured by 
Cannon, is probably an abnormal condition; in most cases the chromatin 
aggregates again into beads of irregular sizes, arranged on linin strands 
which appear to be continuations of the fibres of the original spindle 
(Figs. 485 49 )- 

The reconstructed nuclei lie a short distance inside the points of the 
original spindle, and there are no indications of a cell-plate formation In the 
latter. The original perinuclear zone expands and gradually disappears, 
and simultaneously similar zones are formed within it round each of the 
daughter nuclei, commencing as sbon as the nuclear wall is laid down. The 
formation of these zones is on the lines already described, and the cyto¬ 
plasm in their neighbourhood again takes on the typical radial structure; 
there is evidence for believing that part of the zone arises direct from the 
original spindle fibres (Fig, 51), 

The spindle and the remains of the first perinuclear zone persist for 
some time and may still be seen when the tetrad cells are rounding off. 

A point of some interest at this stage is found in the degradation of 
the cell-walls separating the original pollen mother-cells, anticipating the 
break-down of the tapetallayer at a later stage. These wails may be seen 
in all degrees of degeneration, with a typical granular appearance, though 
in mo instance do they' disappear entirely, traces still remaining when' the 
pollen grains are completely formed ; ■ simultarieously a clear hyaline layer^ 
is deposited , round the periphery of the cytoplasm (Fig. 23, PL XIV), The 
nature of this layer is obscure, and it was thought at first that'it might con¬ 
sist of the ' callose' described by Mangin ( 35 ) in similar conditions. It is 
not" soluble,,, however, in sodium hydroxide, nor does it stain' with M 
''corallin,'Solution'l'':'', deeply with, orange G, and gives'; a d'cepwlolet 



420 Denham.—The Cytology of the Cotton Plant. I. 

colour witb. Delafieid's iiaematoxyiin. It is more probable, from the role 
that this hyaline layer plays later in the separation of the pollen cells and 
the formation of their walls, that it is a complex of a mucilaginous con¬ 
sistency formed partly by the degradation products of the parietal walls and 
partly by a secretion of the cytoplasm itself. There is no evidence of any 
secretion from the tapetuni at this.stage other than the normal tapetal fluid 
in which the pollen cells are presumably floatin 

Homotype Division. 

Ill material which shows resting stages between the heterotypic 
telophase and the homotypic prophase, the chromatin passes from the 
reticulated or the beaded state into the double spireme already mentioned, 
and segmentation takes place without any looping of the thickened thread, 
the dyads forming by simple condensation and passing direct to the centre 
of the nucleus, where they form the usual plate. The process by which this 
is effected has not been fully observed, but there are signs of a multipolar 
spindle of the type already described. In some of the preparations made 
when the plants were in very active gro'wtli it appeared as if the chromo¬ 
somes were passing direct froth early telophase, without any change of 
form, to the homoty|:^e metaphase, no iritermediate stages being found, 
though this may have been due to‘ the rapidity with which such changes 
were proceeding. 

As the chromosomes split and psiss up’ to the poles, their outline is 
much more circular than in the h^terotyp'e division, and they do not appear 
to have the short rod forrri described by Cannon, No further split is 
visible at any stage of the anaphase, nor have any cases of the stringing out 
of the chromatin on the fibril been seen as in the meiotic anaphase. The 
telophase proceeds as before; the chrdmosoixies disintegrate into granules, 
which recombine into irregular beads in the resting nucleus, and one or two 
small nucleoli are formed. At the same time • a new perinuclear zone is laid 
down which persists during the formation of the wall of the pollen grain. 
This zone is very much more granular than the previous rings, and expands 
gradually until in the mature grain it lies at the boundary of the cyto¬ 
plasm.; the separation of the zone from the nuclear membrane occurs 
shortly after the separation of the pollen cells from each other and before 
. the'wall is. begun. ' 

The pollen tetrads are rather irregularly arranged, generally in tetra- 
hedra, though occasionally all four nuclei are found in a flat plate. Cyto- 
kinesis is brought about by furrowing, somewhat on the lines described by 
. Farr'(36) in Magnolia^ although there are not always traces of the com-, 
mencement. of the, constricting, furrow;' after the first mitosisA'.and the 

^ These can be seen more distinctly in Upland xnateriaL 
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■existence of the six spindles connecting the four nuclei each to each, a con¬ 
spicuous feature of the process in Nicotiana ( 37 ), is only faintly discernible* 
Small furrows or constrictions appear at the periphery of the cytoplasm^ 
midway .between each nucleus, and spread inwards till they meet at the 
centre, cutting the four nuclei apart from each other; the larger spindle 
fibrils offer a certain resistance to the advance of the furrow, which appears 
to pass round them, but they eventually retract and take no further part in 
the cell processes. The hyaline layer already described closely follows up 
the advancing groove, flowing in from each side, but the adjacent surfaces 
do not fuse, and a definite partition line is left, along which separation 
eventually occurs (Fig. 15, PL XIV, and Figs. 53-5, PL XIII). 

After the separation of the pollen nuclei^ a slight contraction of their 
cytoplasm takes place to form some six or eight indentations in the 
periphery (two or three visible in section), and at these points presently are 
formed an equal number of extranuclear bodies Which are apparently coo- 
cerned with the formation of the germ pores of the pollen-grain wall, since 
they are always found opposite these pores at a later stage ;• they are 
arranged evenly round the protoplast and increase but slowly in size. 
Their composition is obscure; they stain vigorously with orange G, 

* Heidenhain and * Delafield biit the coloration with the last two stains is 
considerably more brown than that of chromatin. At a later stage they 
appear to pass from the cytoplasm into the pollen wall, where they 
apparently inhibit its growth in thickness above them, and they finally 
disappear at the same time as the hyaline plasma in which the wall is 
laid down. 

A full account of the formation of the elaborate wall of the pollen 
grain is beyond the proper scope of this paper, but the following details are 
available: 

After the separation of the tetrad nuclei, the hyaline layer round each 
increases considerably in width (Fig; 56); and a rather thick wall is differ* 
entiated at its inner surface. The spines of the wall, the perispore proper, 
are developed in the hyaline layer outside the thick wall, the mameion on 
which each spine rests arising at the surface of the wall, though not til! the 
spines have been completely formed.. At the same time the wall itself is 
differentiated into three concentrib zones; an' exine or exospore, at the 
surface of which the mameions are produced, a transparent mesospore^ 
which later - shows' radial lamellatibh' into ' rodlets and a denser endospore. 
There are also indications of a very thin limiting pellicle at the surface of 
the cytoplasm, which is for^the most part not in contactwiththe developing 
wall (Fig. 58). 

During the formation' aid dififerentiation of the 'wall,'the'pollen gra'in is 
'not spherical; 'but collapsed into, an irregular', form,largely, concave;(Fi'g. 57). 
; ■'Sincennly a'limited area'ofthe"'cytoplasm is'in contact with,'the'wall, this; 
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may be regarded as a further example of the anomalous growth of spore 
walls separated from their protoplasts described by Beer (38) in the 
Onagraceae and by Tischler ( 39 ) in sterile hybrids of Mirabilis, There is, 
however, some diminution of the protoplast during the differentiation of the 
waif pointing to a certain expenditure of protoplasmic substance in its pro- 
diiction* As the spines of the wall are formed the hyaline layer disappears, 
and can no longer be found when the process of wall differentiation is 
completed« 

The tapetal layer remains intact until the hyaline layer is removed, 
when it breaks down to form a typical ^ plasmodiiim ^ which flows in among 
the grains, the protoplast of which at once begins to increase in volume, 

: until the whole grain is filled with a dense and rather fibrous cytoplasm, 
and its shape becomes spherical. Simultaneously with the irruption of the 
plasmodium the pollen wail becomes cutinized, taking on a yellowish colour 
and no longer staining with ^ Delafield ^ The pollen grain continues to 
increase in size until the anther bursts, the wall, now in contact with the 
protoplast except at the germ pores, increasing in area by intussusception 
without alteration in thickness,’ and shortly before the flower opens the 
nucleus divides again to form the gerterative and tube nuclei, the latter being 
slightly the larger of the two. No details of thi^ division are at present 
available, though it appears that no perinuclear zone is formed in the 
process. 

Thread Rings. 

The material on which Balls based his theory of the thread-ring 
mechanism of nuclear division was a commercial strain of Mit an 

Egyptian cotton of the G, barbadefise type; it is therefore not unreasonable 
to use the material of the present investigation for comparison. The main 
outline of this theory may be quoted briefly. As the spireme loosens out 
from synapsis, it shows as a cofitinuous thread in which are embedded rows 
of granules, each showing a distihct longitudinal bisection. 

* The nucleolus next decreases in size, and the granules stain more 
darkly . . . the darkening is localized to those portions of the thread which 
correspond to the future position of the chromosomes. Except in these 
portions, the thread of the spireme is now split. Each of these clusters of 
darkened granules becomes ... a bivalent chromosome. This chromosome 
is not, however, merely bisected as were the granules, but is also divided 
transversely to the axis of the spireme thread ; four perfectly distinct chro¬ 
matic areas are thus formed, being the univalent chromosomes which are to 
be distributed to the four microspores . ., the chromosomes are bunched 
together at one side of the nucleus, and there is no peripheral distribution. 
In this respect cotton differs from most organisms' and from its own'vegeta¬ 
tive cells/ * The two halves, of the. split, spireme .move, apart, from' onef 
another at the side where the'chromosomes,'are l,ying.,'.'but''this .separation''' 
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does not affect the chromosomes. The chromosomes are isolated by the 
removal of the spireme halves, but not entirely, for continuity with the latter 
is maintained by thin filaments on either side. The insertion of these fila¬ 
ments (the young spindle fibres) in the spireme halves causes slight swellings 
which appear to the eye as black dots. 

^ From this point I propose to refer to the spireme halves as the thread 
rings retaining the term fibre’’ for its usual subject. 

‘ The two thread rings continue to separate, the fibres becoming longer 
and longer, until the part of each thread ring which bears the dots has 
moved to a pole of the nucleus. The dots are scattered round some loo"^ 
of arc, and the remainder of each thread ring forms an irregular tangle of 
granular cytoplasm. The looping of thread rings seems to be due to the 
fact that the circumference of the close spireme is greater than the circum¬ 
ference of the nucleus. This stage constitutes the multipolar spindle. 

‘ The next event is the contraction of the dotted portions of the thread 
rings, bringing the dots nearer together, and forming the bipolar spindle of 
metaphase. The looped thread rings lying in the clear zone between spindle 
and granular cytoplasm are quite conspicuous; this was the observation 
which initiated the present research. It sometimes happens that a stray 
dot is not drawn up into the cluster at the pole as soon as it should have 
been ; in this case the spindle fibre which ends in it remains at the side of 
the spindle, often slack and bent, instead of being drawn taut. 

^ The polar dots at the ends of the fibres have been noticed by other 
observers, but I can find 110 mention of their cross connexion by the 
threads.’ 

It has been shown in the present paper that the reduction division of 
the microspores of cotton proceeds along fairly normal teiosynaptic lines, in 
agreement with the presentation of the facts first given by Cannon (with 
a few exceptions of minor importance), and it is perhaps unnecessary to 
analyse all the points in which the account of Balls differs. The two main 
discrepancies (leaving out of question the method of conjugation) are the 
supposed bunching of the chromosomes at one side of the nucleus, prior to 
diakinesis, and the existence of the loops figured by Balls between the 
perinuclear zone and • the spindle. While the former' may perhaps be 
explained by reference to' the second contraction' of the' spireme, which is 
not mentioned in Balls’ account (although the passage in Cannon s paper 
;to' which he refers certainly describes it), the question of the loops within', 
the perinuclear zone is .more complex. Achromatic ring figures' of a sort' 

" have undoubtedly been' seen,' from: time’to time during diakinesis, metaphase, 
'and ' anaphase 'by the writer, not only in'- cotton (Fig. '59)', but In Allium^ 
Crepis, Dolichosj but'always 'in imperfectly fixed material, and no 
reference has been found to such rings in cytological literature* 

Balls: does not claim that the thread-ring mechanism is peculiar "to the, 
meiotic divisions,,, but "'states' that 'it may be clearly' seen in , the; so.matic, 
"■mitoses of the' rO'Ot-tips* ' '„ Severalhundred sections, of root-tip '"'material have 
been examined in an endeavour to observe thread rings, using'stains 

F f ' ' 
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and fixatives, but with negative results, though all stages of somatic mitosis 
have been searched. In the somatic cells there is often a distinctly reticulate 
structure In the cytoplasm in which individual reticulations might by their 
size and prominence be taken for thread rings, though they may be seen in 
all parts of the cytoplasm at all stages of nuclear division, and particularly 
with the nucleus in the resting stage. 

A large number of microspore heterotype and liomotype spindles have 
been similarly examined under critical conditions in single and serial 
sections, with equal lack of success. Occasional well-marked rings have 
been seen, usually at one side of the spindle (Fig, 20, PL XIV). These might 
be explained as stray mantle fibres, but are more probably due to the 
fixation of the karyolymph in the form of a coarse reticulum. The nature 
of this reticulum and the fineness of its meshes varies according to the 
fixative employed. Flemming ’ and ‘ chromacetic ’ give a coarse network 
with some distortion of the spindle fibres, while with ‘ von Teleyesniczky ^ or 
* Bouin ’ the reticulation is almost invisible. In one slide a similar small 
ring occurring near the plate in metaphase proved to be visible in four 
successive sections, and was apparently a cylindrical or spherical inclusion 
of some kind. Small rings can also be seen in badly fixed multipolar 
stages where, under Balls’ theory, they should not be visible (Fig. 19, PL XIV), 
It is concluded that the appearances on which the thread-ring theory was 
based were due to imperfect fixation, under extremely trying working con¬ 
ditions, at a date when the full importance of the mode of chromosome 
conjugation had not yet been realized. 

It must be pointed out, however, that the cotton plant, with its large 
number of minute chromosomes and its complex cytoplasmatic organization, 
is by no means a suitable subject either for the establishment of new cyto- 
logical theories or for criticism of existing hypotheses. The structures in 
question are barely within the limits of effective visibility, and the possibility 
of subjective error is large. 

ChroMosome Nmnbers, 

The chromosome number of Sea Island cotton, Gossypitm barbadense, 
var. fmritima. Watt, has not been previously determined. The type 
examined by Balls was commercial Mtit an Egyptian derivative of 
G» batbadeftse probably, though placed by Watt ViVidiZt Gi,. peTuviantiffi^ 
Cav.,: and its,, chromosome number was stated by Balls as • 20. Haploid 
oi' Mtt Ajifi has not yet been available for examination, but 
a number of good chromosome plates have been found in transverse sections 
,of the.meristem of root-tips from seed of the commercial, cotton.. The" 
chromosomes in the somatic cells are in the form of short rods, generally 
■xiirved, and resemble those ■ of similar cells, in the'. Sea Mand types very 
closely., ■■Counting,.''; is.'. a,;, matter; of' .some difficulty,,:' .even under / the' .highest 
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magnifications but the number can be stated with certainty as greater than 
50^ and has been counted as on several occasions: it would appear that 
the . number given by Balls, which would be 40 in the somatic cells, is an 
under-estimate. 

Cannons working with hybrid material of G> barbadense (commercial 
Sea Island,-Constellation hr^nd) x G , kirsiitum (commercial Upland, Klon- 
dyke brand), found the chromosome number to be 28, though unfortunately 
neither of the parent types were studied cytologically. 

Repeated counts of perfect plates in all the material examined show 
that the number of the chromosomes in all types of Sea Island cotton is 
more probably 26 than 28. The slight doubt arises from the heterogeneity 
of the chromosome size and shape, and it appears that there are two 
chromosomes markedly larger than the remainder, with a slight constriction 
which gives them the appearance of closely adjacent or ‘clumped’ indi¬ 
viduals. Similar constrictions have been recorded in chromosomes of Vicia 
and Najas by Sakamura ( 40 , 41 ) and in Fritillaria tenella by S. Nawa- 
schin ( 42 ), and their bearing on the apparent chromosome number and its 
variation in individuals of the same species has been discussed by several 
writers, including Sakamura, Winge ( 43 ), and Tischler ( 44 , 45 ). 

There are difficulties in the counting of large numbers, where it is 
impossible to check by reference to profile views, and errors may arise in 
several ways: from the counting of a plate which is still in late diaklnesis, 
with some of the chromosomes clumped or at different levels, giving too 
small a number; from counting an early anaphase, where some of the chro¬ 
mosomes have already separated ; from the presence of laggard chromosomes 
which have not taken up their proper position, or precocious chromosomes 
which pull away in advance of the others. In all cases the serial sections 
above and below should be examined, particularly with thicknesses of less 
than 5 fx. 

It is not possible to arrive at chromosome numbers in doubtful cases 
by a statistical treatment of the counts, on account of the peculiar nature of 
the errors of observation, and the decision must always rest on personal 
judgement. At the same time, the tendency to give a ‘probable® number 
must be guarded. against. Winge ( 43 ) has summarized this danger as 
■follows: 

'fThere is , a general inherent inclination in . the human mind, when 
dealing with numerical questions,~*to grasp' at the “ nicefigures:. .. The 
'even numbers and highly divisible values have a certain attraction in them¬ 
selves which is naturally increased'when other considerations speak for 
their selection. : Every cytologist is brought up to regard it. as' a fact that, 
the chromosomes are ha'lved before a-division of the ceil, and that the, mm- 
:berof chromosomes is alternatively -halved'and' doubled during the' 'alteriia- 
■'■, tion. of'generations',;' -is-therefore- a- natural temptation'. tO" find highly 
divisible: .multip-les, of----2 -t-hrou^^ ... A considerable .number of incorrect 

F f 2 
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cliromosome values have indubitably resulted, as many plants, either through 
the presence' of an especially great number of chromosomes or by the 
minimal size or awkward situation of the same, have offered particular 
difficulties in determination of the number, and thus led the investigator to 
decide the point, albeit perhaps unwittingly, according to his personal 
estimate/ 

It is often possible to check chromosome numbers by comparison of 
other species of the same genus. Winge ( 43 ), investigating the Cheno- 
podiaceae, found the chromosome numbers of ii species in 5 genera to be 
either 6, 9, or 18—i, e. 3x3, 3x3, and 3x3x12 respectively. In the 
Ranunculaceae the cardinal number appears to be 6; in Crepis, however, 
the cardinal number may be 3, 4, or 5, though Miss Digby ( 14 ) quotes the 
observations of Fraser and Snell ( 46 ) on constrictions as a possible 
explanation of the anomaly. 

Unfortunately, the only chromosome numbers of the Malvaceae yet 
published are the two rather doubtful values for Gossypium (20 and 28) 
already quoted. These are both easily divisible multiples, and more 
attractive than 26, with its cardinal number of 13 as against their 5 and 7. 
Until further plates are available in other species of Gossypium and other 
genera of the Malvaceae it is evident that the comparative method is use¬ 
less; at the same time it may be pointed out that there is no inherent 
impi'obability in the number 26, for in Tischler's ( 45 ) latest list a number 
of plants may be found with the cardinal number 13, and in the Aceraceae 
recently investigated by Taylor ( 29 ) three species have 26 chromosomes 
and two 13, although the latter does not appear to be the cardinal number 
, for the genus, 

g Abnormalities. 

In the first-generation hybrid investigated Cannon found a number of 
abnormalities, chiefly of the nature of amitotic divisions.. These were not 
obseiwed by him in greenhouse material collected in November and Decem¬ 
ber, but occurred in material taken in the spring. Cannon expresses a doubt 
^■whether these abnormal divisions were due to cultural conditions, to the 
, ' fact that the plant was a hybrid, or to both these factors with the added one 
' that , the flowers were the last to'form on the plants ’. ' Balls states that these 
irregular, divisions "can be found'in all cotton, plants if very late flowers or 
: ,very, early:ones ,oa ratoons are taken, and that they are not necessarily due 
:' to hybrid, constitution, but might be provoked by the■ greenhouse culture 
employed.,",',' . 

,In the 'very , large number :of buds .taken for the present, investigations 
at all times of,','the year and'from'' plants, in 'all stages of growth, including 
ratoons, ther'e',is 'nO"evxdence whatever'^of amitotic division, either in th'e pure 
Sea Island strains or in,commercial .Upland varieties,' This would point'to 
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some other cause than greenhouse culture for amitosis; bad culture, with 
extremes of temperature and widely varying humidities, tends to produce 
considerable bud shedding, but in these drcurostances a general necrosis of 
the staminal column ensues, clearly recognizable in its earliest stages. It is 
conceivable that in the cases described by Cannon the amitosis was due to 
the presence of a lethal combination of genetic factors acting on the micro- 
sporocyte, though confirmation of this is lacking. 

Such degeneration as was found in the material examined was of the 
nature of a localized contabescence, the contents of one or more loculi, In 
an otherwise normal anther, showing complete disorganization. The 
nucleus breaks down, and the chromatin is dispersed through the cytoplasm, 
which stains so deeply as to obscure all evidence of structure in many 
instances. Partly degenerate cells may show the nuclear wall still intact, 
but the chromatin irregularly dispersed in a coarse reticulum within it, 
while at the same time the cytoplasm contains chromidia-like bodies in 
large numbers throughout its substance. 

This contabescence is still under investigation, but it appears that the 
normal secretion products of the cotton plant which occur in all the flower 
buds in isolated cells and lysigenous glands may, under certain conditions, 
be secreted in the spore protoplasts, where they interfere with normal 
development and cause abortion. Evidence of similar secretion has been 
found in aborted cells of the megaspore ; for fuller details of these substances 
and their occurrence in all parts of the plant and in other species of 'Mal¬ 
vaceae, reference may be made to the work of Stanford and Viehover ( 47 ). 

In addition to contabescence, it is noteworthy that in two instances an 
apparent diploidy has been observed in the first meiotic division, though it 
was not possible in either case to count the chromosomes seen in profile, 
and it is not known how the duplication arose. In one case the nucleus was 
in late anaphase, but the shape of the chromosomes was typically meiotic; 
in the second the chromosomes were in late diakinesis, but in both the 
amount of chromatic substance was apparently double the normal, and the 
nuclei were abnormally large. No evidence of a similar condition has been 
observed with any certainty at any other' stage, however, and all the other 
nuclei in these two buds were normal.. 


Summary. 

The, process of pollen' formation in Sea Island cotton is describe,d and 
figured,., ; 

, ; The'reductio.n . division takes place along normal telosynaptic lines, and 
agrees;'on''the whole^w process as ^described';'by ■Cannon',in hybrid 

cotton, plants.' , 
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Points of special interest occur: {d) in the perinuclear zone, which is 
apparently largely concerned with spindle formation in both homotype and 
heterotype divisions, but not in the premeiotic or somatic divisions ; {b) in 
the manner in which the chromosomes are brought to the centre of the 
nucleus in diakinesis ; and {c) in the method of tetrad division by furrowingv 

The chromosome number is 26, with two chromosomes distinctly larger 
than the remainder. 

Thread-ring structures which have been described in parallel material 
have not been found in well-fixed buds, but ring figures of a similar appear¬ 
ance occur in cells which show distortion by the fixative. 

The writer wishes to record his thanks to Mr. H* Gunnery, who pre¬ 
pared most of the slides used, and gave in addition much very valuable 
assistance in the working out of the cytological history. 
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EXPLANATION OF PLATES XI-XIV. 

Illustrating Ml Denham’s paper on Microspore Formation in Sea Island Cotton. 

All the figures were drawn with Zeiss large camera lucida under a 1/15'' Koristka semi- 
apochromatic immersion objectiye, N.A. 1*30, with Zeiss compensating ocular 18 (old notation), and 
Leitz aplanatic condenser of N.A. i*40» immersed, except Figs. 34-43, 46-525 58, for which Zeiss 
2 mm. apochr. objective N.A. 1*40 was used, and Figs. 53-7 with Zeiss 4 mm. apochr. objective 
N.A. 0*95. 


PLATE XI. 

Fig. I, Premeiotic division. Resting stage, large nucleolus (vacuolate) in achromatin bridle 
across nucleus. 

Fig. 2. Increase of chromatin by budding from nucleolus. 

Fig. 3. Nucleolus disappearing ; continuous spireme. 

Fig. 4. Spireme thickens and fragments into chromosome lengths. 

Fig. 5. Metaphase of premeiotic division. 

Fig. 6. Early anaphase, chromosomes rod-shaped. 

Fig. 7. Commencement of telophase, with aggregation of chromosomes. 

Fig. 8. Telophase. The nuclear membrane reappears, and cell-plate is formed. 

Figs. 9, 10. Segregation of chromatin into granules on continuous achromatin spireme. Two 
karjosomes present. 

Fig. 11. The karyosomes have fused into one large vacuolate nucleolus, and the nucleus appears 
empty except for a few chromatin granules at the periphery. 

Fig. 12. The nucleus increases rapidly in size; the achromatin reticulum spreads through the 
cavity, with chromatin beads at the intersection of the strands. Nucleolus markedly alveolate. 

Fig, 13. The achromatin reticulum increases and thickens. 

Fig. 14, The reticulum is now apparently double in parts. 

Fig. 15. Commencement of synaptic contraction. The reticulum pulls away from the nuclear 
wall. Nucleolus less alveolate, but still showing vacuoles. 

Fig. 16. Close synapsis in its earliest stage. 

Fig. 17. Synapsis. No trace of structure in the knot now visible. The nucleolus stains 
solidly. 

Figs. iS, 19. The synaptic knot loosens out, and the spireme can be seen as double in a few 
places. 

Fig. 20. The knot completely unravelled. The spireme is markedly double, and chromomeres 
can be seen, with beads of chromatin at intersections. 

Fig. 21. Commencement of open spireme; chromomeres clearly marked. 

Fig. 22. Open spireme. Section below nucleolus. Some doubling of threads visible. 

Fig. 23, Anastomoses disappearing. Much apparent doubling, and chromomere lumps on 
■thread. 

PLATE XIL 

Fig. 24. Completion of open spireme, no strands left in centre of nucleus. 

Fig. 25. Commencement of second contraction, with marked thickening of spireme. 

Fig. 26. Height of second contraction. 

Fig. 27. Loosening out of thickened spireme, clearly double and twisted. 

Fig. 28. Section through looped thickened spireme. 

,'.A Fig. ■ 29. Spireme segmenting into lengths.. 

Fig. 30. Condensation of spireme' ■ lengths to bivalent chromosomes- The nucleolus begins, to 
('.disappea'L,' ■ 

Nucleolus almO'St.gone. ''.Clearly marked chromosome loops. 



Denham .— The Cytology of the Cotton Plant. P 431 

Fig- 32. The cytoplasm has taken on the typical radial structure, and the perinuclear zone has 
formed. The chromosomes are united by fibrils in this zone. 

Fig. 33 * The same stage as Fig. 32, a tangential section through the perinuclear zone showing 
fibrillar strands uniting all chromosome masses. 

Fig, 34. The chromosome masses pass inwards to the centre of the nuclenSj as the fibrillar band 
contracts, drawing the spindle fibres after them. 

Fig. 35. Multipolar spindle from badly fixed material, with distorted spindle fibres and ^ rings h 

Fig. 36. As the spindle fibres move round to the poles a tripolar spindle forms. 

Fig. 37. Slightly later. A qnadripolar spindle. 

Fig. 38. Heterotypic metaphase. Some of the chromosomes beginning to pull out. 

Fig. 39. Early anaphase; curved spindle with precocious chromosomes. 

Fig. 40. Early anaphase. 

Fig. 41. Anaphase, with one pair of chromosomes drawn out into rods. 

Figs. 43, 43. Plates showing twenty-six chromosomes, united by faintly visible connexions. In 
each case two chromosomes are markedly larger than the others. 

PLATE Xlir. 

Fig. 44, From two spindles in early anaphase. The chromatin is drawn out by the spindle 
fibres into irregular masses, suggesting the separation of the homotype chromosomes. 

Fig. 45. Late anaphase. 

Fig. 46. Early telophase. The chromatin is precipitated as granules on a very fine continuous 
spireme. 

Fig. 47. The chromatin flows into a coarse reticulum; (only instance observed j possibly 
abnormal intercalated resting stage). 

Fig. 48. Typical interstage. The chromatin forms rounded masses slung on achromatin 
strands in the direction of the previous spindle fibres. A new perinuclear zone forms round each 
nucleus. 

Fig. 49, An interstage. A faintly staining karyosome is present. 

Fig. 50. A homotype prophase. 

Fig. 51. Homotype metaphase. The spindle fibres of the heterotype division can still be seen, 
and the remains of the original peninuclear zone. 

Fig. 52. Two homotype plates. That on the left is slightly oblique; the chromosomes are 
passing into anaphase. The right-hand plate is in late diakinesis. 

Fig. 53. Division by furrowing. The furrow is seen commencing at the interstage between the 
first and second divisions. The outermost (continuous) line marks the edge of the hyaline plasma, 
the dotted line a faintly differentiated zone at the edge of the cytoplasm. 

Fig. 54. Pollen tetrad in tetrahedral arrangement. Furrowing has commenced at the edges, 
and has already reached the centre from below. 

Fig. 53. Pollen tetrad in flat plate. An advanced state of furrowing. 

Fig. 56. The tetrad completely separated. A dense wall is differentiated at the edge of the 
cytoplasm, and a number of deeply staining bodies have appeared in each cell. 

Fig. 57. Formation of pollen grain wall in collapsed state. Hyaline plasma not shown. 

Fig. 58. Section through the wall of mature pollen grain at a germ pore. The limiting pellicle 
is shown black. 

Fig. 59. ' Rings ’ due to faulty fixation : an early meiotic anaphase. 


PLATE XIV. 

All the figures are from microphotographs taken with Zeiss 4 mm. apochr, objective N.A 0.95, 
Leitz aplanatic condenser N.A.; 1.00 dry ’ ( 3/4 cone), Wratten filters 45 and '62, Ilford ordinary 
plates- Figs. '4,' 5, and' 7, taken with ' Leitz ■ periplaiiatic, eyepiece ' 6x, remainder 'with 
periplanatic ,10 x. ■■ 

■' Fig, I. Presynapsis. ' The upper cell shows the reticulum. Just pu!lin,g away from the 'nuclear 
wall; in the lower cell the'contraction Is we.ll ■advanced. 
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Fig. 2« Synapsis. 

Fig. 3, Loosening out from synapsis. 

Figs. 4, 5, Later stages of loosening out. 

Figs. 6j 7. Nucleus passing into open spireme. 

Figs. Sj 9. Open spireme witli gradual thickening of thread. 

Fig. 10. Second contraction. 

Fig. II. Thick spireme loosening out, with twisting. 

Fig. 12. Spireme commencing to segment. 

Fig. 13. Segmentation. Perinuclear zone well marked, and cytoplasm showing coarse radial 
reticulation. 

Fig. 14, Perinuclear zone and fine radial reticulation. 

Fig, 15. Concentric fibrils uniting chromosome masses. First appearance of hyaline zone. 

Fig. 16. Chromosome masses passing in towards centre. 

Fig, 17. Multipolar spindle. 

Fig. 18. Tripolar spindle. » 

Fig. 19. Two multipolar spindles from badly fixed material, showing distorted fibres and 
* rings b 

Fig. 20. Heterotype spindle, slightly distorted. Note * ring ’ at lower end, and others at extreme 
right of cytoplasm. 

Fig, 21, Heterotype plate. 

Fig. 22. Anaphase. 

Fig, 23, Interstage. Hyaline zone well marked. 

Fig. 24. Homotype division; chromosomes being drawn into centre of nucleus by contraction 
of fibrillar ring. 

Fig* 25. Division of tetrahedral tetrad by furrowing. 



















The Cytology of the Cotton Plant. 

II. Chromosome Numbers of Old and New World Cottons. 


BY 

HUMPHREY JOHN DENHAM. M.A. (OXON.), F.R.M.S. 

( The British Cotton Industry Besearck Associatmi,) 

With eleven Figures in the Text. 

Introduction. 

I N the first paper the cytology of pollen formation in Sea Island’ 
Cotton {Gossypium hariadeuse^ van maritmm^ Watt) was discussed in 
some detail. The writer, is now in a position to give the chromosome 
numbers of the several types which have been cultivated in , the experi¬ 
mental greenhouse of the Shirley Institute at Didsbury during the last 
three years. 

The chromosome number of Sea Island Cotton has already been 
given as It has now been found that Upland types give the same 
number as Sea Island in every case, but that Indian and Chinese cottons' 
so far 'examined have i$ as their chromosome number. Detailed' lists 
of ■ the ' types ' examined cytologicaliy are presented, with figures; of' 
chromosome plates of some of the main varieties; all the numbers should 
be read as haploid, unless definitely stated as diploid. 

Material AND Methods. 

' The methods used' are' substantially as' described in the previous 
paper," 'Normal' Bourn's fixative was used, in' most cases, (picric' acid,' 
sat. aqueous soL, 75 parts; commercial formalin, ^5 parts; glacial acetic, 
acid,. ,5, parts), as'it gives freedom from .clumping ' of'chromosomes,'''at 
the/expense of slight distortion of finer cytoplasmatic details. The fixativC' 
recommended," by:',',Karl'. 'Sax (1),'a modified '. Bouin’s solution 'developed","by,',. 
Allen',( 2 )'and':containing ''.chromi'G','acid, and urea, was tried, but found' 
^[ABn'a!s'ofBotwi'y.WotXXXVIILHo,CLI.'JinyMa»^^^ 
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to contain incompatible substances giving rise to violent effervescence 
and a muddy precipitate on mixing. The chromosomes were counted 
with objectives of high resolution both directly and with an Abbe 
drawing apparatus. In most cases the numbers were checked by several 
independent observers (S. C. H., G, G. C., D. A., and H„ G.), Drawings 
(Figs, i-ii) were made with Zeiss a mm. homo. imm. objective, Zeiss 
K. 18 ocular-(new series), and Zeiss large Abbe drawing apparatus, at a 
magnification of ^,460, reduced in printing to 1,500. Heidenhain s haemato- 
xylin was used in every case. It has not been found practicable to identify 
the individual chromosomes, which are too minute for the purpose; nor can 
too much reliance be based on the actual size of the chromosomes, owing 
to a well-known physiological error introduced in the drawing of small dark 
bodies on a background of variable intensity. The material was grown 
from seeds derived from the several sources mentioned. It is noteworthy 
that whilst no difficulty has been found in getting plants of Sea Island, 
Upland, and Indian cottons to flower in the greenhouse at all seasons 
of the year (flowers are self-pollinated and all seed produced is viable), 
no such success has been obtained with Trinidad Native (tree types) and 
Gossypium brasiliense,\Yh\\t Egyptian cottons are persuaded with difficulty 
to produce buds, and no cytological material has been obtainable which 
shows haploid plates. 


Types examined. 


I. Sea Island Cottons. 


Gossypium barbadense, van marzfima, Watt. From seed of Dr. Har- 
land’s pedigree types, brought from St. Vincent. 

V. iQC B. D. q~6 a. E. 17-5-6. 

V. 74. u. S. ' A. R. 3-19. 

D. 134. G. X. la-a-p-ip, A. N. 13-56. 

H. ^3-5-31. A, K. 41-18. 


These are the plants from which the material for the previous paper 
was taken, and agree in having a chromosome number of 26. Two chromo¬ 
somes are noticeably larger than the remainder. 

'American Cottons. 

These are grouped by Watt ( 3 ) as falling for the most part under 
G.,hirsutufn^llmxi.., and C?. mexicanmnITod. 

Acala. Seed from U.S. Dept of Agriculture. A large-boiled Upland 
vdxmty oiG. mexicanum ^ . ,,,■ . , 36 

Commercial A ;'F of Botanical Dept., University 

of Manchester. A commercial cotton; of'unknown 'ancestry small 
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Commercial IT Seed from a plant given by Mr. W. Greenwood, M.P.; 

a large-boiled, semi-hirsute type, near G. hirstitiim . . .36 

Indian America^i^ 289 F. Seed of this and the following variety was 
sent from Cawnpore by Dr. Martin Leake; a small leaf, medium¬ 
sized boll, hirsute.. 26 

Indian American, 285 F. A similar plant to 289 F. No details of their 
ancestry at present available ....... 26 

3. Egyptian Cottons^ 

These appear more closely related to G. barbadense than to G. 
peritviammt, under which they are placed by Watt. 

MU Afifi. Commercial Seed given by Dr. W, L. Balls; flowered 
with difficulty, but no haploid material available. Chromosomes 
counted in root tip. Diploid number .... circa 52 

Gtza I , This and the following are two distinct types, from seed sent 
by Cotton Research Board, Egypt ...... 26 

Giza IL Could only be counted in root tip. Diploid number circa 52 
Pima. An American-Egyptian of mixed parentage (see Kearney (4)); 
probably including commercial Upland and ‘ Hindi Weed No 
perfect plates . . , . , . . . , circa 26 

4, Indian and Chinese Cottons. 


Seed in every case sent from Cawnpore by Dr, Martin Leake. Chromo¬ 
some number 13, with one chromosome larger than others. 

G. sanguineum, 27, Tod; placed by Watt as G. arboreum, Linn., var. 

sanguine a, Watt. 

G. sanguineum, 124 . 

G. roseum^ Tod = G. arboreum, Linn., var. rosea, Watt . 

G. arbor , • .. 

G. neglecium. Tod = G. arboretmi^ Linn., var. neglecta, Watt 
G. arboreum x neglectmn, Leake 

G. ceruMtmt, Tod == G. arboreum, Linn., var. assamica, Watt 
G. rudicum ■ • . . . . . . ' , , 

G. cermmmxrtidicum, Leake . 

G. Mollisoni' • . ' . F 

Chinese naked seeded. Possibly a form of G. Nanking^ Meyen ? 

.Other'.Species.. 

Columhtan Native. From seed collected in interior of Colombo by 
Mr. R. MordecaL Possibly either G. mustelinumCWm^pot G. 

' peruvianum., Cav.,' but .not,, yef grown;, from'^ roottip. ' Diploid 

The above list is necessarfly incomplete^: and' it is hoped: th workers' 
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in other parts of the world will be able to record further numbers of this 
interesting genus in the near future. The types particularly needing 
elucidation still are the Mediterranean G. kerbacenm^ and the many 

other varieties which have been placed under this name ; • * Hindi Weed ^ 
and the tree cottons of the Sudan; G. peruvianum^ brasiliense^ mexl 
camim^ viiifoltum^ and many other parents of commercial strains; while the 
almost hairless aboriginal types, such as G. SiurtU or Sturtia of Australia 
and G. Stocksii of India, are of great botanical interest The relations 
of other genera of the Hibisceae are still questionable, especially the 
nearly related TJmrberia^ Fngosia, and Thespesia ; whilst there are singu¬ 
larly few numbers known In the whole order Malvaceae, where there is 
reason to believe that cytological peculiarities abound. 

The abrupt separation of the genus Gossypium into two groups in 
which the chromosome number of the one is twice that of the other is 
in itself a matter of great interest. It is known that interspecific hybrids 
can be made with comparative ease in either of the groups, but, as far 
as can be ascertained, no plant-breeder has yet been successful in 
crossing an American or Egyptian cotton with a true Indian cotton 
(it has been stated that this cross has been made in Russia, but no reference 
can be found to it in the avaiiaible literature, and it is probable that the 
cross has now been lost). At the same time, it may be observed that 
the plants of the group are, on the, whole, much larger than those 
in the 13 group; the stems are taller, the leaves, flowers, and bolls are 
larger, and the lint is longer. ■ It is a matter of speculation whether this' is 
a case of ^gigantism’ due to the double chromosome number, though 
comparable phenomena have arisen in the mutants of Oenothera and 
other species. The fact of the difference may perhaps open a further 
possibility for the plant-breeder who wishes to make the cross between 
Indian and American cottons; if it can be assumed that there is any 
hope of finding a diploid mutant of an Indian cotton (which would prob¬ 
ably reveal itself as suitable for cytological examination by its abnormal 
size) it might reasonably be expected to prove a fertile parent for the 
experiment. 

Until further chromosome numbers are available, it is inadvisable to 
draw any conclusions as regards the systematy of the genus, which is still 
in. a far from satisfactory state, in. spite' of the work of Todaro ( 5 ), Parla- 
tore (6), and Watt; the question of the identity of G. hirsutum^ which is 
described by the latter as common to Europe, Asia, Africa, and America, 
may be cited as an example. At the-same time it is possible that the new 
evidence obtainable from the chromosome numbers will settle the'debate 
as, to, the. origin'of cotton'in America.' The earlier .explorers, all''s.ta.ted' 
, positively' that they, found cotton growing and in u,se ''{, 7 )." ''Wiener ., .(8), 
',. . ,',bowever, has, recently made the .startling contention that what, they saw 
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was not Gossypium, but Bombax Ceiba, and that cotton was introduced from 
Europe by Columbus and his followers, or from Africa by the negro 
overseers of the early plantations—notwithstanding the evidence of the 
Peruvian tombs. 


Summary. 

The chromosome numbers have been counted in some thirty-two 
varieties of cotton, including American, Sea Island, Egyptian, Indian, and 
Chinese types^ and American grown in India. These numbers fall into two 
groups of a6 and 13 chromosomes, the former comprising the cottons 
of the New World and Egypt, and the latter those of Asia. This may, 
perhaps, explain the impossibility of crossing American or Egyptian 
cottons with Indian types, and suggests a possible solution of the diffi¬ 
culty with the help of cytology. 
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I T is a striking and well-known fact that the Angiosperms, from the time 
when they first appear abundantly in the Cretaceous, are highly differ¬ 
entiated and are in general remarkably similar to their descendants in extant 
floras. The problem of identifying their remains largely, resolves itself, 
therefore, into a study of living plants which provide a fundamental basis 
for comparison with and determination of fossil forms* 

The available palaeontological record of the Angiosperms consists chiefly 
of impressions of leaves and fruits, and of fossilized fragments of stems and 
roots ; impressions of flowers are of less frequent occurrence. In, view of 
this fact, the question naturally arises as to whether most of the higher 
plants can be distinguished from one another by characteristic differences in 
the form and' structure of their vegetative organs. Certain systematic 
botanists are inclined to argue that the flower is inherently more conserva¬ 
tive than the leaf or stem, and to cite the occurrence of similar' structural 
characters in widely separated orde'rs.and families as evidence that vegetative 
organs frequently do not afford' .reliable clues to genetic relationships. 
PalaeobO'tanists, while admitting that there is more or less convergence in 
vegetative organs, maintain that there a^re differences in the form and struc¬ 
ture of these organs, which are sufficiently constant to warrant their usevas 
diagnostic criteria. ,In recent years, a number of anatomists' have asserted 
that .internal structures,, particularly those of the' vascular tissues, are' in 
general more,, conservative than external, floral and foliar characters,, and' 
afford surer clue's to actual : genetic relationships'^'both' among living plants 
■and in fossil floras. , " 'A,"'' ■ 

tAnnals of B'otanyyVol. XXXVIII. No. cm. July, 1924.3 

G-'g 
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It should be emphasized in this connexion that most arguments con¬ 
cerning the relative conservatism of specific organs and tissues are based^ in 
ultimate analysis, upon phylogenetic speculations rather than upon extensive 
statistical and experimental investigations. Thus the putative conservatism 
of the flower rests largely upon the assumption that an arrangement of 
Angiosperms in floraliy homogeneous groups affords a fairly accurate picture 
of a natural classification^^ and that the variability of vegetative organs 
within such groups, therefore, denotes morphological instability. Similarly, 
the supposedly greater conservatism of internal characters is based upon the 
assumption that certain sequences of increasing structural specialization are 
indicative of the general trend of phylogeny, and that such evolutionary 
series reveal the inconstancy of external foliar and floral characters. 

Of course, the absence of a general parallelism in the evolution of floral 
and of vegetative organs, in itself, does not prove the flower to be inherently 
more conservative than the leaf, stem, or root, or vice versa. In other 
words, the occurrence of relatively primitive flowers on highly differentiated 
stems is no more suggestive of the greater conservatism of floral organs than 
is the presence of primitive vascular structures, in plants which bear highly 
modified flowers, suggestive of the greater conservatism of the stem. It 
appears improbable that the evolution and specialization of all organs and 
tissues proceeds in all cases and at all times at similar rates and in parallel 
directions. In fact, there is much evidence, both among plants and animals, 
that any given organ or tissue may at times remain unchanged when other 
organs and tissues are becoming profoundly modified. Therefore, if a truly 
natural classification of Angiosperms is to be formulated, it should be based 
upon a study of all organs and tissues rather than upon a putatively con¬ 
servative one. Little wotild be gained by substituting a classification 
founded solely upon vascular structures for one based largely upon floral 
morphology. 

As Vavilov^ has recfently pointed out, homologous series in variation 
tend to occur in floral, as well as in vegetative, organs ; not only in closely 
related Linneons, but also in distantly related families and orders. The fact 
that certain convergences in vegetative organs and tissues tend to be more 
or less closely correlated with climatic and edaphic influences does not, 
however, necessarily prove, the leaf or .stem to be inherently more plastic'or 
■variable than the flower. Such correlations may "be interpreted merely as 
' indicating that variations or mutations in foliar and'cauline structures are 
■subject to more'direct or readily 'discernible climatic and , edaphic selection. 
''' Thus, in "view ,of the, fact that necessary experimental and statistical' data 
'' for determining the relative frequences and ranges of germinal, and, somatic 
.variations in'.-specific, organs and, tissues'.are not at present available,, con** 

-, 1 .' Vavilov,, N. !.■ ,s The Law,'of Homologous’Series in Variation. .. Joitrn.' .G^enetics, xii.''.47“89y 
1932, 
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troversies concerning the relative conservatism of the flower, leaf, stem, and 
root appear to be premature and fruitless. It is evident, in addition, that 
there are no cogent, a priori arguments for assuming that Mesozoic and 
Cainozoic Angiosperms cannot be identified by the form and structure of 
their vegetative organs ; the only reliable method of proving that they can¬ 
not is the laborious one of demonstrating that identical combinations of 
vegetative characters do occur in different genera, families, and orders, and 
that such occurrences are so numerous as to invalidate a significant propor¬ 
tion of palaeobotanical determinations. 

A critical study of fossil floras shows that in many cases impressions of 
leaves which originally were referred to certain genera, families, and orders 
subsequently are transferred to remotely related ones. Such discrepancies 
may, of course, be due largely to errors of judgement or to unfamiliarity 
with the general range of variability of the leaf in the Angiosperms as a whole, 
rather than to the occurrence of identical foliar complexes in widely separated 
groups. In fact, the literature of systematic botany is replete with analogous 
discrepancies, which merely demonstrate that the classification of the higher 
plants is subject to constant revision and correction. That certain of the 
earlier palaeobotanists placed too much emphasis upon superficial similarities, 
were too sanguine in referring leaf impressions to genera in local floras with 
which they happened to be familiar, and did not devote sufficient attention 
to foliar characters in groups of Angiosperms which are not represented in 
such floras, is indicated by the detailed and painstaking investigations of 
Berry.^ He holds thatj although superficially similar types of leaves, e. g. 
simple, compound, pinnate, palmate, entire, lobed, serrate, &c., occur in 
different families and orders, they can be distinguished from one another by 
very characteristic details of their form and venation. It may be objected, 
in view of the large numbers of Angiosperms involved, that still more exten¬ 
sive and detailed investigations may prove such diagnostic criteria to be 
inconstant and unreliable. However, the fact that systematic botanists are 
able in most cases to determine flowerless specimens of plants from floras 
with which they thoroughly familiar, suggests that eventually it may be 
possible to construct keys for distinguishing the foliage of at least a large,,, 
proportion of the Angiosperms, 

In the case of the Dicotyledons, the more conspicuous types of leaf form 
and venation, are not closely coiTclated with, specific types of floral organiza¬ 
tion. This is due in all probability to the absence of a general parallelism^ 
in' the evolutionary specializations of the flower and leaf. As indicated in,, 
the. preceding paragraph, the occurrence of, superficially similar, types of . 
foliarorgans' in different genera, .families,, and orders makes the task' of con- 
'structing keys, for differentiating the leaves, of many of the , larger groups of 

^ Berry, E.,W.: ,Tlie Lower Eocene Floras of Sonth-easterii North America. tF.S. Geol. Swfey, 
Prof. Paper No.'91. Washington, '1916. 

Gg 51 ; 
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Dicotyledons—as at present constituted by systematists—an extremely 
tedious and difficult one. It is of interest to determine whether the problem 
of identifying fossilized dicotyledonous woods is essentially similar to that 
of determining leaf impressions. 

During the last sixteen years, the writer has devoted considerable 
attention to an investigation of the vascular tissues of the vegetative organs 
of the higher plants, particularly of the secondary xylem or wood of Gym- 
nosperms and of arborescent and fruticose Dicotyledons. In so doing, he 
has had occasion to obtain extensive collections of anatomical specimens 
from various phytogeographical regions of both hemispheres, and from all 
of the principal orders and most of the larger families of Dicotyledons* 
Detailed microscopic study of this material, coupled with a critical analysis 
of available literature in the fields of botany, palaeobotany, and wood techno¬ 
logy, reveals the fact that salient lines of structural specialization are very 
clearly defined in the xylem of Dicotyledons, and that remarkably complete 
series of transitional stages are preserved in living representatives of the 
group. Although these evolutionary series do not provide reliable evidence 
for asserting that vascular structures are inherently more conservative than 
external foliar and floral characters dr vice versa, they afford significant 
clues concerning unavoidable difficulties, which are to be encountered in 
identifying dicotyledonous woods. 

In the older groups of vascular plants, i. e. Calamariales, Sphenophyl- 
tales, Lepidophytineae, CycadofiHces, and Gymnospermae, with the excep¬ 
tion of the bizarre and structurally highly specialized Gnetales, the secondary 
xylem was composed of tracheary elements of a single generalized type, the 
so-called tracheides. This primitive type of wood has persisted in Trocho- 
dendro?^ Tetracektron, Drimys, and Zygogynuml' but has been modified in 
the remaining living representatives of the Dicotyledons; certain vertical 
series of tracheides having differentiated into vessels by the formation of per¬ 
forations in their adjacent membranes. The comparative anatomy of the 
various orders and families of Dicotyledons indicates very clearly that the 
evolution arid specialization of vessels is accompanied by other anatomical 
changes in the xylem, and, in general, is paralleled by concomitant 
modifications in the structure and activities of the cambium or lateral 
meristem. .. 

In the structurally less specialized types of Dicotyledons, the wood 
resembles that of Trobkodendrony Tetracentron^ Drimys\ and ' Zygogymmty 
except "for the'presence,'of ' numerous - perforations in the radial, walls- of 
diffusely,, scattered vertical ■ series of'enlarged tracheides. The ground mass 
'of'fibrous-'tissue is composed of tracheides with' conspicuously bordered pits; 

■ -Bailey',,!., W.v,and Thom,psoii'^'.W.; P.: '■Additioaal Notes upon the -Angiosperms,' Teiracmtrmy ^ 

Troch^dmdrofiy and DritiiySy in which Vessels are absent from- the - Wood. Ann, Bot.3, xxxii.'503-,i3, 
1918, . . ■ ■ 
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the wood parenchyma is diffuse, i. e. not aggregated in large masses; and 
such anomalous structures as interxylary phloem, &c., are absent The 
fusiform initials of the cambium overlap, and are relatively large and much 
elongated. Furthermore, the progressive increase in the circumference of 
the lateral meristem is due primarily to pseudo-transverse, anticlinal divi¬ 
sions, followed by longitudinal sliding growth, of these cells; a type of 
Gambia! activity which is characteristic of the more primitive vascular 
plants. 

With increasing specialization, the segments of the vessels tend to 
shorten,^ to become relatively wider, blunter, and less angular in cross- 
section, and thus to lose their resemblance to tracheides. The scalariform 
perforations in their lateral walls tend to coalesce into large oval or circular 
openings which ultimately become terminal. At the same time, the cells 
in the surrounding ground mass of fibrous tissue also tend to become less 
tracheide-like by a gradual loss of the bordering areas about their pits, 
as well as by concomitant changes in the dimensions of the elements 
themselves. As the segments of the vessels shorten, the fusiform initials of 
the cambium become smaller and elongate less and less between successive 
anticlinal divisions.^ This culminates, particularly in various tropical 
Dicotyledons, in the elimination of longitudinal sliding growth and in the 
production of a fundamentally different type of cambial activity,® in which 
the anticlinal divisions of the fusiform initials are radio-longitudinal. Such 
Gambia are characterized by having their cells arranged in parallel liori- 
zontal series. Therefore, their centripetally formed derivatives tend to be 
stratified or * storied except where the seriation is disturbed by excessive 
elongation of fibre-tracheides during their differentiation. Frequently, 
the specialization of the tracheary tissue and cambium is more or less 
closely paralleled by concomitant changes in the xylem parenchyma and 
rays. "■ ■, 

These salient and more'or less closely co-ordinated lines of struc¬ 
tural specialization indicate very clearly that the differentiation, of the 
xylem does not in general closely- parallel that of the flower. For example, 
primitive types of vascular stimctures are retained in certain representatives 
of the Metachlamydeous orders Ericales, Ebenales, and Rubiales, as w^ell as'' 
of the Archichlamydeoiis orders Garryales, Myricales,, Ranales, Rosales, 
Geraniales, Parietales, Myrtifiorae., -and- U-mbellifl,orae. Conversely, very 
highly specialized ones occur 'throughout the Archiclilamydeae, as well as 

Bailey,,I. W.,-and,Tapper, W.,. W. :-Size Variation in, Trachear-y Cells. ,Proc,, Amer. -Acad. 
Arts and Sciences, liv, 149-204. 1918. ' ■ " . ■ ■ 

... ^ ' Bailey, -LAV.The Cambium.and its Derivative Tissues. - !No., II., Size-Variation,s,'0,f-Ca'inbial 
Initials, in ,'Gy mnosperms'and Apgiospenns. . '-.Amer, Jonrn. B-ot, vii. 35,5-67.'. ,1,930.' - -; 

S' Bailey, I.'W.: The Cambiiim and its" Denvative.,Tissiies. v No. IV, 'The -Increase'ih'^Girtli'of 'the-' 
Cambium. Amer. Joiirn, Bob,,x.- 499-509, ,1923, 
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in the Metachlamydeae. The fact that similar types of vascular structures 
are found In plants which are placed by systematic botanists in widely 
separated genera^ families, and orders makes the task of constructing keys 
for distinguishing the woods of many of the larger groups of Dicotyledons 
an exceedingly difficult one. Such comprehensive orders as the Ranales, 
Rosales, Geraniales, Sapindales, Parietales, Myrtiflorae, Tiibiflorae, &c., ex¬ 
hibit so many different stages in the specialization of their vascular tissues 
that it is doubtful whether there are any diagnostic characters which are 
constant in each group as a whole. The same thing is true of many 
of the larger families. It should not be inferred from this, however, that 
species or genera haying identical co^nbinaiions of structural characters 
necessarily occur in remotely related families or orders, but rather that the 
general range of variability of the more salient characters tends to be 
similar in widely separated groups. Nor should it be assumed that similar 
stages of specialization of the vascular tissues are necessarily indicative 
of close genetic relationship. 

The very highly specialized ‘ ring-porous ^ type of structure is 
a characteristic feature of the wmod of various species of Cary a (Juglan- 
daceae), Querctis (Fagaceae), Celtis (Ulmaceae), Toxylon{fiQx^z^z.€), Sassa¬ 
fras (Lauraceae), Robinia (Leguminosae), Phellodendroii (Rutaceae), 
Ailanthns (Simarubaceae), Cedrela (Meliaceae), Rhus (Anacardiaceae), 
Fraxinus (Oleaceae), Tectona (Verbenaceae), (Scrophulariaceae), 

Catalpa (Bignoniaceae), &c. To argue that all of these plants are closely 
related leads to a reductip ad absurdum. The typical ring-porous condition 
arises apparently when plants, which previously have undergone character¬ 
istic structural modifications in certain tropical or subtropical environments, 
are subjected to cold winters or to alternating very diy and wet seasons. 
In other words, it is closely associated with the acquisition of a pronounced 
resting period and commoiily of a deciduous habit. It is significant that 
certain species of a widely dispersed genus may be ring porous and others 
diffuse porous, depending upon their pbytogeographical distribution. 
Although the salient structural features of ring-porous timbers are basically 
similar, the woods of the various genera enumerated above may be dis¬ 
tinguished from one another by characteristic minor differences iil the form, 
structure, and arrangement of their cells, h e. parallel lines of specialization 
or modification do not, in this particular case at least, produce identical 
combinations Q^ dXiditomicdil chBXdLCtexs. 

Thus, the problem of identifying fossilized dicotyledonous woods 
appears to be basically similar to that of determining leaf impressions. In 
each case, it is essential for the palaeobotanist to become thoroughly familiar 
■with'thewariability of putative diagnostic characters in all living groups of. 
■"\. Dicotyledons'and' in; material'" from'various phytogeog'raphical 'regions','and 
to determine whether' identical .comptexes - 'of, characters occur'' in:different 
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genera, families, and orders. In the case of the leaf, the extensive collec” 
tions of successive generations of systematic botanists in the larger herbaria 
of Europe and of the United States provide abundant basic data for the 
investigator who wishes to study the foliar characters of the various orders 
and families of Dicotyledons, or to make comparisons with leaf impressions. 
Unfortunately^ owing to the fact that the structure of the stem and root Is 
not utilized extensively in the classification of Dicotyledons, no comparable 
collections of these organs are available for systematic investigation, or for 
reference in the identification of fossil woods. Thus, in attempting to 
determine the affinities of dicotyledonous woods, the palaeobotanist has been 
forced to rely mainly upon descriptions and figures which are widely 
scattered through the literature. 

Of course, the publications of morphologists, anatomists, physiologists, 
and other botanical investigators contain numerous references to the micro¬ 
scopic structure of the vegetative organs of many Dicotyledons. The 
laborious task of compiling and codifying this information, and of preparing 
descriptions of the anatomical characteristics of the principal families, was 
undertaken by Solereder. Although the English edition ^ of his ‘ Syste- 
matische Anatomie der Dicotyledonen ’ contains an extremely useful 
classified bibliography of literature, published prior to 1908, and many 
valuable data concerning the structural peculiarities of various genera, it 
does not provide reliable criteria for the identification of the wood of either 
living or fossilized Dicotyledons. In fact, no attempt is made to do more 
than very briefly outline certain of the more salient features of the xylem 
in each family. Frequently, the descriptions are based upon inadequate 
material, L e. a very limited number of species or genera, or the examina¬ 
tion of herbarium specimens whose xyle’m structurally may be quite unlike 
that of old robust stems. Therefore, it is not possible to determine the 
limits of variability of different diagnostic characters in most families. 
Furthermore, it is evident from the recorded data that similar structures do 
occur in widel}^ separated groups. 

With increasing utilization of new domestic woods and the importation 
: of numerous' little-known exotic ones, there arose in the larger timber 
markets of the world a demand for detailed information concerning the 
structure and properties of the economic woods of temperate and tropical 
forests, and for keys for their identification. This has stimulated numerous 
■ investigations by botanists,, engineers, foresters, and so-called wood techno¬ 
logists. The results of these investigations are of varying degrees of utility 
to.palaeobotanists., Where, the"descriptions and keys are based, upon such 
macroscopic, characters' as' weight, colour, odour, hardness, e!astid|y,,.,'&c,,', 
.which are evanescent'.in' fossilized wood, they are of;'relatively,slight value. 

Solereder,"'H.,; Systeraatic Ana'tomy oftbe,Dicdtyledon,5.' 'Translated' by Boiodle andFritscb.'':'' 
Clarendon Press, Oxford.' '1908," 
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On the contraryj where they are based upon detailed microscopic investiga¬ 
tions of authentic material, and are accompanied by numerous photomicro¬ 
graphs or drawings, they may be of considerable significance. 

It should be fully recognized and freely admitted, in this connexion, 
that most determinations of petrified dicotyledonous woods are purely 
tentative and necessarily subject to extensive revision and correction. 
That such must indeed be the case is indicated, not only by the general 
considerations outlined on preceding pages, but more specifically by 
a critical analysis of keys for distinguishing the principal timbers of 
commerce. The reliability of such keys varies inversely with the size and 
complexity of the flora studied. Owing to the limited number of arbo¬ 
rescent Dicotyledons in Europe and temperate North America, it is possible 
to differentiate the woods of the various genera represented in the floras of 
these regions with a very considerable degr'ee of accuracy. It is also 
possible to distinguish the wmods of most genera in restricted subtropical 
and tropical floras, although the task is a more difficult one, since in these 
regions arborescent and fruticose species constitute a much larger proportion 
of the dicotyledonous flora. A detailed study of available keys indicates 
very clearly, however, that they cannot be combined at present into 
a master key to the economic timbers of the world, since many of the 
diagnostic characters, which are generlcally stable in one flora or region, 
prove to be unreliable in others. This appears to be due in part to the 
fact that widely dispersed genera tend to vary (germinally) in different 
regions and floras, in part to the occurrence of convergences (germinal) in 
remotely related genera, and in part to purely somatic fluctuations. 

As an illustration of difficulties encountered in studying the affinities of 
dicotyledonous fossils, the writer may cite the case of some fragments of 
silicified wood from the Colorado group of Arizona, sections of which w^ere 
recently sent to him for determination by Dr. F. H. Knowlton. The 
specimens were collected by Mr. C. P. Ross,"*- of the United States Geological 
Survey, at the ‘ North side of headwater basin of Deer Creek, Pinal County, 
Arizona, about thirteen miles SW. of San Carlos ^ The anatomical 
characters are identical in the various fragments,, which'appear to have been': 
derived from a single large silicified stem. The more salient structural 
features are the, following: 

'■ Paraphyllmitkoxylon arizoncnse, gen. et sp. nov. 

Wood:parenchyma large-celled, thin-walled, scanty,mostly paratraclieaL 

^ Mr. Ross reports tliat fossil wood was fairly abundant. He says, ^ All the specimens observed 
are broken pieces, mostly square ended, from a few inches to about three feet in length. Some of 
the trunks are more than a foot in,diameter. ;■ .Some are embedded, in the, rock, others loose,on the 
surface. The probability is that all the fossil wood observed is driftwood that was bnried in the 
rocks and later silicified by'circulating „,soIutions.which removed the woody matter and deposited 
silica in its place. Upright stumps in tbeposition.of growth .are "reported to have been found,' 'but 
were not observed during'the''present investigation/' ■ ' ' 
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Vessels: large^ diffuse, 8-14 per sq. mm., solitary or grouped in radial 
clusters of oval in cross-section or tangentially flattened by mutual 
pressure ; tangential walls between adjacent vessels thick, heavily pitted, 
pits crowded, hexagonal ; vessel segments elongated, with oblique end 
walls, perforations large,simple,circular or oval. Tyloses: abundant. Fibre- 
trackeides : large, thick-walled, septate, pits slit-like, borders vestigial or 
absent. Rays: numerous, large-celled, 1-7 cells wide, 3-80 cells high, 
frequently as wide as or wider than the intervening radii of tracheary tissue; 
cells extremely variable in size, shape, and orientation, containing a black, 
globular substance ; marginal cells 1-5, conspicuous, vertically elongated ; 
pits between ray cells and vessels large, transversely elongated. Growth 
rings : feebly differentiated. Tissue elements not stratified or ^ storied ^ 
There is no single, salient structural feature in this fossilized wood 
which justified its reference to any particular group of Dicotyledons. Thd^i 
form, structure, and distribution of the wood parenchyma, of the vessels, of 
the fibre-tracheides, and of the rays are of types which occur in remotely 
related orders and families. The only method of determining its affinities 
is the laborious one of searching for similar combinations of anatomical 
characters in extant Dicotyledons. A detailed study of ail available data 
reveals the fact that similar structural complexes occur in certain repre¬ 
sentatives of the section Phyllanthoideae of the Euphorbiaceae, e. g. species 
of Bridelia and of Pkyllanthus. Not only do identical combinations of 
salient characters exist in these plants, but the minor structural details are 
remarkabl}’' similar.* Even the rays in the heartwood contain a dark- 
coloured, more or less globular substance. Although the writer has not 
succeeded in finding this specific type of xylem in any other family of 
Dicotyledons, sufficient data are not .at present available for hazarding the 
statement that it is actually confined to the Euphorbiaceae. A priori, it 
appears unlikely that convergences in remotely related orders or families 
would produce identical combinations of so many diflerent anatomical 
variables.' It should be emphasized in this connexion, however, that there 
is a very considerable' range of structural variability in many'of the larger' 
orders and families of Dicotyledons/and that there is considerable parallelism 
in' the principal lines of specialization of the various tissue elements. 
Therefore, it must be admitted that there is an unavoidable element' of 
uncertainty even in referring , thesilidfied , fragments to the Euphor- 
biaceae. ■ ■ 

If" they are tentatively to be included in, this family, how, should they'\ 
be designated?' A customary procedure in describiog a Cretaceous' or. 
Tertiary petrifaction, is to 'search 'for■. some extant ,wood having, ■ a '.similar''' 
type of st'ructure' and .then' to refer the fossil to the genus, in, 'wffiich ,this wood 
.^occurs."' 'In,"''so'"'doing' various'-suffixes, ..'e'.g. ' m'ay',,''Or,:,m^ not be 

,'a't,tached''''to the' generic .'iiame.; ' -Where -the resemblance ,, 13 '-somewhat 
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tenuous, the prefix is often used. If the fossil happens to be entirely 
unlike any of the woods with which the investigator is familiar, a new genus 
is created for its reception. In view of the limited number of extant woods 
available for comparative purposes, and of the palaeobotanist's iinfamiliarity 
with the ranges of variability of anatomical characters—not only in different 
species, genera, families, and orders, but also in different portions of a single 
individual and in individuals grown under different environmental condi¬ 
tions— this procedure of referring certain petrifactions to extant genera and 
others to extinct genera is somew^hat deceptive. It gives the impression of 
accurate and reliable diagnosis, which frequently has led to erroneous 
botanical and geological inferences. Thus, on the one hand, the creation of 
new genera suggests that strikingly different types of anatomical structures 
existed in the Cretaceous and Tertiary, and, on the other hand, the 
inclusion of fossilized woods in extant genera implies that these genera 
actually were represented in the floras of specific geological horizons. As 
a matter of fact, there is just as great an element of uncertainty in excluding 
the Lower Greensand Aptiana radiata from the genus Vaccinium^ certain 
tropical or subtropical montane species of which exhibit similar combina¬ 
tions of anatomical characters, as there is in including various Cretaceous 
and Tertiary petrifactions in Latiroxylon^ many of whose salient features 
are simulated in remotely related genera. 

To formulate a less ambiguous nomenclature, i. e. one at once devoid 
of implications of genetic relationships and clearly and concisely descrip¬ 
tive of complex combinations of anatomical structures, is unfortunately 
impracticable. A jargon of new binomials cannot be forced upon students 
of palaeobotanical problems, and would, until generally accepted, lead to 
much confusion. Of course, fossils may be designated merely by referring 
to the collector’s name and number, as is sometimes done in discussing 
undetermined herbarium specimens, but there are serious practical objec¬ 
tions to the general adoption of such a procedure. It is desirable that the 
designation of a fossil, particularly in check lists and catalogues, should 
afford some clue concerning its structural peculiarities and its putative 
genetic affinities. Therefore, inasmuch as the structure of even the earliest 
Cretaceous petrifactions of undoubted Angiosperms is closely simulated in 
living plants, and in view of the fact that radical changes in well-established 
scientific procedure should if possible be avoided, it seems advisable to 
continue to refer fossilized dicotyledonous woods to extant genera, but in 
most cases to use the prefix or some similar term to emphasize the 
tentative character of the determinations. Accumulations of such form- 
genera will be attacked by future ‘ splitters’ andMurapers’, and, as more 
'.'Teliable information concerning the vascular tissues of the Dicotyledons as 
■a.' Whole-becomes'available,:will'b to morC' specific genetic relation- 

'::sbips.:''' ^Thus, the/rievelopment'of;this phase of palaeobotaoy will parallel 
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that of taxonomy in general, which progresses by a series of constant 
revisions, and leaves a large by-product of synonymy. 

As previously stated, the structure of the Cretaceous wood from 
Arizona is closely simulated in certain species of Phyllantlms and Bridelia^ 
and the question arises as to which of these genera it should be referred* 
Phyllanthus is at present widely distributed in the warmer regions of both 
hemispheres and is considered by Ettingshausen to have been present in 
the Miocene flora of Bohemia. Bridelia^ on the contrary, is not repre¬ 
sented in extant or fossil floras of the New World. Nor is it present in the 
Upper Cretaceous and Tertiary horizons of Europe. In view of these facts, 
it appears advisable to establish the form-genus Paraphyllanthoxylon for 
the reception of dicotyledonous woods having combinations of anatomical 
characters such as occur in mature stems of Phyllanilms emblica^ L., and 
other structurally similar representatives of the Phyllanthoideae, To 
attempt to include all putative Euphorbiaceous woods in a single form- 
genus, e. g, Enpliorbioxyloft} would be unfortunate. The Euphorbiaceae 
structurally are an extremely heterogeneous group. So many different 
stages in the specialization of the vascular tissues are represented that there 
appear to be no diagnostic characters which are constant in the family as 
a whole. Thus, a rational procedure is to establish a series of form-genera 
for a number of specific combinations of anatomical variables. 

If it be admitted that it is difficult to distinguish the woods of many 
extant Dicotyledons, the question arises, in conclusion, as to whether it is 
desirable at present to attempt to describe Cretaceous and Cainozoic petri¬ 
factions. That such fossils should systematically be collected and carefully 
preserved seems evident. There are, in addition, a number of valid argu¬ 
ments for not delaying their investigation. As is well known, undescribed 
specimens tend to deteriorate rapidly through neglect and the loss of 
necessary collateral data. The description of fossilized material not only 
tends to facilitate its preservation, but leads to an accumulation of detailed 
information, i. e. descriptions, figures, photomicrographs, &c., which will 
eventually, form the basis for .important- generalizations. Furthermore, 
petrifactions of vascular tissues may provide critical evidence In verifying 
determinations of leaf-impressions. For example, numerous impressions of 
foliar organs, from various horizons in Europe and North America, are 
referred to the geniis-,P^/?/&i‘, but Berry is of the' opinion that certain of 
these fossils may ultimately be transferred' to genera w^’hlch are at present,' 
confined to Japan and. Eastern Asia, Troeliodendron, Tetracentron^ 
Eupteka, CercidipliyllumP&.c. ■ The structure of the secondary xylem, in' 
the Salicaceae is so entirely unlike that which occurs in any of the .Magno- ,' 
liaceae, 'Tro'chodendraceae,'and. Cercidiphyllaceae that their woods : may be 

1 It seems best to retain this' genus- for .tbe reception, of fossil woods o'f tlie'strticluxal .type 
-described by'Felix from tbe.Tertiary of'Columbia. 
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differentiated with a very considerable degree of accuracy. An additional 
argument for not deferring the investigation and description of petrified 
stems and roots of Dicot5/ledons arises from the fact that fossilized woods^ 
even of uncertain genetic relationships, frequently afford valuable clues con¬ 
cerning Mesozoic and Cainozoic climates. That more or less accurate 
records of seasonal variations in tepiperature and rainfall, as well as of 
specific biological events, e. g. depredations of insects, Sic., are at times 
preserved in the perennial stems and roots of trees has long been known to 
foresters and botanists. Douglass ^ and Huntington ^ have recently utilized 
the stems of old trees in studying climatic cycles or more extended periodi¬ 
city* The writer s investigations indicate that woods from specific environ¬ 
ments within the temperate and torrid zones tend to exhibit striking 
similarities which obviously are not correlated with close genetic relation¬ 
ships. Thus, although it may not be possible at present to determine the 
exact affinities of most fossilized stems from particular geological horizons^ 
the anatomical structure of these petrifactions may reveal important clues 
concerning the general environmental conditions of the Cretaceous and 
Tertiary* • 


Summary. 

I. The relative conservatism of various organs and tissues of Dicotyle¬ 
dons is discussed, and the conclusion is reached that there are no cogent 
a priori arguments for assuming that external floral and foliar characters 
are inherently more conservative than internal structural characters or vice 
versa. 

Salient lines of structural specialization are very clearly defined in 
the xylem of Dicotyledons, and remarkably complete series of transitional 
stages are preserved in living representatives of the group. Although 
these evolutionary series do not provide reliable evidence for asserting that 
vascular structures are inherently more conservative than external foliar and 
floral characters, or vice versa, they afford significant clues concerning 
unavoidable difficulties which are to be encountered in identifying dicotyle¬ 
donous woods., 

3, There appears to have been no close general parallelism in the 
evolutionary specializations of the flow^er, leaf, and stem. Primitive types 
of, vascular structures are retained in various representatives of the Meta- 
chlamydeae, and, conversely, very highly specialized ones occur in most 
orders ■ of the,, Archichlamydeae. 

, ,' ' 4 Douglass, A. E.; Weather , Cycles in the Growth of Big Trees.', Monthly Weather'Review, 
June 1909.-—Climatic Cycles and Tree Growth. Carnegie Inst, Washington, Publication No, 289. 

I'he,Climatic Facto'r.' : Carnegie Inst, Washington, Publication'No. ,193." 
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4. The occurrence of similar salient vascular structures in widely 
separated genera, families, and orders makes the task of constructing keys 
for distinguishing the woods of many of the larger groups of Dicotyledons— 
as at present constituted—-an exceedingly difficult one. In other words, the 
problem of identifying fossilized woods largely resolves, itself into the 
laborious task of determining whether identical combinations of structural 
variables occur in different genera, families, and orders. 

5. Inherent difficulties in determining the exact genetic affinities of 
dicotyledonous woods are illustrated by some silicified fragments from the 
Cretaceous Colorado group of Arizona. 


DESCRIPTION OF PLATE XV. 

Illustrating Prof. I. W. Bailey's paper on Faraphyllanthoxylofi arizonense. 

Fig. I. Transverse section, showing size and distribution of vessels, x 35. 

Fig. 2. Tangential longitudinal section, showing size and distribution of rays. Note tyloses 
in elongated vessel segments, x 35. 

Fig. 3. Radial longitudinal section, showing cells of ray. Note large transversely elongated 
pits and black, granular substance (left), x 160. 

Fig, 4. Tangential longitudinal section, showing crowded, hexagonal pits in walls of vessel, 
X 130. 

5" Tangential longitudinal section, showing large, thin-walled cells of wood parenchyma 
chain, x 130. 

Fig, 6. Tangential longitudinal section, showing vertically elongated marginal cells of 
ray. x 130. 






On the Theory of ‘Age and Area 


BY 

S. SCHONLAND. 

D r. WILLIS'S 'Age and Area theory' has been before the scientific 
public for several years. It has been accepted by some botanists 
who, like Willis himself, have had great experience in plant-geography, 
while it has been coolly received and even denied by others. Having 
tested it in many ways^ I confess that, like all other theories dealing with 
evolution since Darwin's time, it leaves me with a feeling of disappointment. 
Of course its author cannot be held responsible for the extravagant claim 
made for it in the public press, that it is the most important contribution 
toevolutionary literature since Darwin's time, and even that it supersedes 
Darwinism. Darwin's name is in the first place to be associated for all 
times with the theory that the organic world has ’developed by evolution. 
Darwin himself does not claim originality for this view. However, he 
focused so many facts on it that through him evolution has become the 
guiding star of the whole scientific world. Secondly, Darwin called atten¬ 
tion to. the struggle for existence in nature and the consequent survival of the 
fittest. Comparing this with artificial selection, in which unsuitable varieties 
are weeded out and suitable varieties accentuated, he called the process 
which takes place in nature ' Natural .Selection', being well aware of the 
inappropriateness of the term if literally interpreted. Darwin, further 
.knowing the constantly occurring small variations in species, assumed that 
new species arose by the summing up in one or other direction of these small 
variations and elimination of those forms which did not vary in the^ direc¬ 
tion that could stand the strain of the struggle for existence. On the 
question how variations may be, produced' by the influence of external 
factors, he brought forward the purely formal' theory' of pangeoesis (which' 
in recent years has to a'certain extent been adopted in the.hormone theory). 
I would like'to add that Darwinism 'Stands for something else, .namely, for 
honest,, patient, and laborious observations,'and an almost' over-cautious 
attitude In drawing conclusions from a limited number, of facts. 

Willis .'has,''in .'.'Annals, of Botany', xxx'V,'p. 493, briefly ':siimmarized^ his 

, lAnaaSs'of Botaay, Vbl. XXXVIII. No. Cni. July, I9a4.|' ■, ' ■ 
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ideas, and on reference to this summary and his other published writings it 
will be seen that, as far as Darwinism is concerned, he comes into conflict 
with it only on the question of the importance of Natural Selection. In fact, 
he sometimes seems to wish,to supersede it altogether* Starting from the 
flora of Ceylon, he found ‘ that local endemics^ as a rule, were not confined 
each to one small region or spot characterized by some special local 
peculiarity In conditions, to suit which they might have been supposed to 
have been evolved. Not only so, but such spots were frequently to be 
found with no local species upon them.’ ‘ It was clear that the old ideas 
of particular adaptation were quite untenable/ Local endemics are 
according to him, offshoots formed from time to time by widely distributed 
species. * The area occupied at any time by any group of species at least ten 
in number, depends chiefly, so long as conditions remain reasonably constant, 
upon the ages of the species of that group in that country, but may be enor¬ 
mously modified by the presence of barriers such as seas, rivers, mountains, 
changes of climate from one region to the next, or other ecological 
boundaries and the like^ also by the action of man and by other causes.’ 
I have no first-hand knowledge of the flora of Ceylon, but I should think 
that in the first place the struggle for existence in its humid tropical climate 
must be pretty severe. Now, unfortunately, Willis’s statements are not 
accompanied by any detailed data either of the differences of the species he 
deals with nor of the exact conditions under which they grow. Instead of 
statistical returns from various countries a strict investigation of a group of, 
say, ten species would have been of more value. The conditions in closely 
contiguous areas may be very diverse though apparently similar; the adap¬ 
tations to meet them may be associated with different stages in the life- 
histories of the plant, and may even be expressed by internal characters. 
No superficial examination can convince us that new species are simply 
dropped like ripe apples from a tree, though the r6Ie of the polymorphous 
or highly variable species in the development of new forms has been recog¬ 
nized long ago, as is shown amongst others by Guppy in the same number 
of the ‘Annals of Botany’ ( 1 .c., p. 517). Willis is fighting imaginary foes 
when lie tries to prove that all endemic species are supposed by botanists 
generally to be on the point of extinction. He asks: ‘Why did so many 
choose mountain tops as a last resort? ’ Now I imagine that mountain tops, 
even in Ceylon, exhibit meteorological or everi edaphic conditions not gener¬ 
ally found in other parts of Ceylon. How does this statement of his tally with 
hisassertion that local endemics in Ceylon were not found,as a rule, in one spot 
or small region characterized by some special local peculiarity in conditions, 
to suit which they might have been supposed to have been evolved ? 
European botanists see, perhaps rightly, in some of the alpine plants of 
their continent remnants of ah ancient glacial flora, but this does not apply 
in/Europe^-and .xertainlymot to the alpine "plants xf' 
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South Africa. The latter must, largely be relatively young specieSj but the 
point here is that Natural Selection—the survival of the fittest in the 
struggle for existence—seems to be the only feasible interpretation of the fact 
of their existence. The large majority of our South African alpine plants 
are clearly related to others growing at lower altitudes, and any attempt to 
derive the latter from the former is, in a large majority of cases, futile 
on the face of it. 

My friend. Dr. J. W, Bews has in several papers given his blessing 
(though not unqualified) to Willises theory. In his paper on ® Some General 
Principles of Plant Distribution as illustrated by the Flora of South Africa* 
Ann. of Botany \ xxxv. i), he has collected a number of mostly well-known 
facts to show the relation of numerous localized forms, species, genera, and 
larger groups, to more widely spread forms, but the large majority of his 
facts can be interpreted as a vindication of Darwin*s theory of Natural 
Selection.^ He says on p. 31 : ‘ The whole of our argument is based on the 
hypothesis that a species in the course of its migrations, when it coines into 
contact with conditions different from those which produced it, is in many 
cases at least capable of differentiation or of giving rise to new species 
suited to the new conditions. In a larger sense, and over a longer period 
of time, the same applies to larger groups, the genera, tribes, and families.* 
Nobody will find fault with these conclusions. They support Darwin, and 
they would also support Willis's statistical methods. Willis, however, goes 
a step farther and maintains that all endemics must be relatively young. 
Of course, even Willis cannot close his eyes to the fact that various condi¬ 
tions might modify the action of his ‘ Age and Area rule k Some of them, 
according to him, come into action in almost every single case of any indi- 
.vidual species, though upon large numbers and in the long run they cancel 
out—a perfectly gratuitous assumption, as Bews has pointed out in his paper 
on (Plant Distribution in South Africa* f Ann. of Botany*, xxxiv, p. ^89). 
Willis's replies to various criticisms seem to me to be far from, satisfactory. 
In some of his statements I cannot follow him at all, e.g. when he makes 
a distinction between taxonomic and ecological distribution of plants. 
I cannot even acknowledge that there is a clear distinction between 
ecological and taxonomic characters, though the taxonomist, as a rule, only 
makes use of a limited number of characters.' The anatomical' characters of 
Passerina^ for instance, which Thoday described for two species Ann- of 
Botany’, xxxv. •583), are to my mind just as much taxonomic characters as' 
the external characters of the leaf, to which-the taxonomist'USiialiy'only 
: refers'Jn, his descriptions. /On the. other ■ hand, there are ■ taxonomic 
characters which, are not necessarily-of any, ecological value. Amoo'gst 

^. ,H,ere and, there Bews,',has-,,: committed in,in or .errors, e. g* ,when he .associates the local .Ped^farpms 
fakata 'with the .more' 'widely' spread' P,' latifolia and derives,,the 'former -from it. The two species 
,'belong to quite different sections of the gemis. 

"'■'k' ,, ' ' - H h' ' ■' 
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them arej 'e»g.s the meristic characters of a number of species of Crassula. 

I will only refer to one of them, Cr. midticava, Lem. {qtiadrifida, Bak.)^ 
has individuals with tetramerous and others with pentameroiis flowers^ 
They do not differ essentially in conspicuoiisness. Both produce innumerable 
seeds, and have also extensive vegetative reproduction. As far as one can 
see neither of them is favoured or handicapped in the struggle for existence. 
To this category of taxonomic characters belong also a number of rudi¬ 
mentary organs, such as the rudimentary perianth of many Cyperaceae^ e.g. 
the species of Fiiirena, also the so-called perigynium of and possibly 

of other genera of Cyperaceae, However, I have shown (‘ Introduction to 
South African Cyperaceae \ Pretoria, ip'Zs) that these only deserve a sub¬ 
ordinate taxonomic value, if any at all, and this applies also to meristic 
characters of the flowers of the genus Crassula. 

We must now give a little attention to the various causes or conditions 
that may vary the ‘ Age and Area rule \ but which, according to Willis, 
cancel out in the long run when sufficient number of species are con¬ 
sidered. I will consider these only in connexion with the South African 
flora, and naturally an exhaustive treatment will not be attempted. More¬ 
over, this point has been dealt with in various papers by Bews, and I will 
try to avoid as much as possible the evidence brought forward by him. We 
will take them in the order in which they are enumerated by Willis in 
* Annals of Botanyxxxi. 206. 

I, Chance {the operation of causes as yet not understood )^—Amongst 
these causes not well understood I include the action of parasites and herbi¬ 
vorous animals, changes in the chemical composition of the soil (including soil- 
acidity), micro-organisms in the soil, &c. Too little is known of the opera¬ 
tion of parasites (both vegetable and animal) except in the case of cultivated 
plants, but we know of so-called biological species of Fungi, and we know 
that these may change their biological characters. On the other hand, we 
may well assume that just as in the cultivated higher plants, so there are 
forms in nature which can resist fungal parasites which could destroy other 
forms. There is here a real struggle for existence in which the fittest only 
will survive. Such a struggle is also frequently waged with angiospermous 
parasites and even with climbing plants. A very interesting case which'Js 
worth watching for years to come w’-as brought to my notice by an excellent 
observer, Mr.'J. D. Keet, formerly District Forest Officer,at Knysna, now 
Gonservator of Forests at Pretoria. He sent me a species of Cuscuta' 
(which turned out to be undescribed—its origin is unknown)which attacks 
various plants near Knysna, but especially the Keurboom ( Virgilia capensis). 
The parasite has only been known for a few years, but is getting serious in 
its damage to the Keurboom. Now in the first place the Keurboom is an 
isolated genus and' species : occurring' only in South-west Cape ■Golony. 
Most of its associates "ill the forests of the south-west coast region are'dearly 
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of tropical African origin. Has it also been derived from tropical Africa 
and been restricted to the south-west coast region by parasites? It 
has the power of springing up readily again "when native forests have 
been cleared by fire or otherwise, and many other arborescent types in the 
Knysna-Zitzikamma forests can only come up if shaded by it. If we were 
to assume that the Cuscnta would kill out the Keiirboom and not even 
attack other arborescent plants, it is pretty safe to say that these forests 
would disappear in time. The operations of herbivorous animals have also 
received too little attention hitherto. It would astonish any European 
botanist to see the large variety of plants that serve as food in South Africa 
for grazing domesticated animals, especially in times of drought, and for 
antelopes (numerous both in species and even in individuals), as well as 
elephants, buffaloes, zebras. These must have exercised their share in the 
struggle for existence of our plants even before the advent of man and his 
flocks of cattle, sheep, and goats. They will have found out the titbits and 
given the plants with nasty tastes full of tannine a chance, and physiological 
peculiarities must in many cases at all events have found their expression in 
external morphological characters.' Spinosity may have been accentuated 
in the same fashion. In dealing with herbivorous animals, we must not for¬ 
get rodents, which are also represented in South Africa by numerous species 
and individuals, and lastly insects—the herbiv^orous beetles, caterpillars, 
locusts, &c. I have included locusts under the first heading because no 
accurate studies on their influence on-the South African flora are available, 
and because usually to a large extent their depredations, though frequently 
very severe, are not regular; e. g. the coast regions are rarely visited by 
locusts, whereas in former years at all events, before they, were artificially 
checked, they were sometimes- for years found in countless numbers in the 
interior districts. These and other causes may well account for the discon¬ 
tinuous distribution of many plants' in South Africa, and for the fact that 
many endemics may be very old as compared with species of much wider 
distribution. . - , 

2. Action of man. —-This has been a potent factor in the distribution 
of South ■ African plants from prehistoric times' onwards. The pasturage 
was fired, especi.al!y towards the end of winter, by the natives of the coast 
districts before white settlers arrived. The object was to give the flocks 
the benefit of -the young shoots in spring, or attract game to- "these spots. 
To this day the same practice largely prevails, m those parts in which the 
pasturage 'will burn." It is a-common sight to see large fires extending' 
sometimes over hundreds of square -miles in Bechuanaland and right' into 
the Kalahari. One,,-of the finest - sights I saw was the-grass burning at' 
-night--on the kopjes,.-near Pretoria■ w^hen I first visited the capital, and,of 
■course. I have seen !n'nu"mera,ble.veld...fi-res-'-elsew^here. Th.e effects,-.',,of " thes0-„- 
■fires'.on the'vegetation are'different''in diffe.rent parts of South Africa, but' 

'H h. % 
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they have not been sufficiently studied in connexion with the question under 
discussionj though their importance cannot be denied^ and the}^ must have 
played havoc with the mechanical rule of distribution which Willis postu¬ 
lates. Forests especially have suffered greatly through fircj but also 
through felling, and the practice of the Kaffirs of using saplings for the con¬ 
struction of their huts has in parts of South Africa greatly influenced forest 
growth. However^ the greatest changes in the vegetation of South x^frica 
have been brought about during the last ico years through overstocking 
and the system of kraaling, owing to which flocks return every night to 
fixed points, forming beaten tracks which through heavy downpours get 
washed out and eventually form deep dongas, which lower the water-level 
and also involve a rapid run off. Thus in innumerable places a much 
smaller percentage of water that comes down as rain is kept back for the 
use of plants, aridity increases, and plants with xerophytic adaptations are 
getting a greater and greater advantage. Since evolution of plants in 
South Africa has plainly been in many cases towards increasing xerophytism, 
the ^ Age and Area rule ^ if it is conceded that theoretically it may exist, 
must have been greatly interfered with in South Africa during comparatively 
recent times. The ever-increasing flocks of the inhabitants of South Africa 
have also led to diminution of the number of individuals of certain species of 
plants. Ostriches especially are responsible for the practical disappearance 
in certain parts of Stapelias and certain fleshy species of Euphorbia. 
Perhaps Angora goats have even been more destructive. Overstocking is 
also largely responsible for the enormous spread in pasture lands of weeds, 
both native and others introduced from other countries by man. The latter 
are not particularly numerous in species (apart from those on cultivated 
ground and on roadsides), but some of them have an enormous distribution 
now and have frequently ousted nativ^e plants. 

3. Interposition of barriers .—In a continental area like South Africa 
there are especially (i) mountain ranges, (2) valleys, to be considered. 
These play an important part in South African plant distribution. They 
mostly act as climatic barriers. Our mountain ranges running chiefly 
; parallel with the coast have on the whole a very good rainfall. In the south¬ 
west especially they are favoured by mists and frequent slight showers. 
Passing over their crests to the side away ffom the ocean, the rainfall drops 
suddenly and the mists do not go beyond them. This involves a climatic 
barrier which, in innumerable cases is . quite startling to behold. From 
■ dense growth-with Proteaceae, Restiaceae, Bruniaceae, and other south¬ 
west types,'one passes almost abruptly into Karroo vegetation. Asiniilar 
vabrupt change is usually seen between grassveld and Karroid scrub in the 
^:',south-eastern'' parts, but not between grassveld and Karroid shrublets,'to 
^'vWMcli/Teferehce''w presently. , Our valleys are generally, 

much drier than the'adjoining country, and the valleys of theGaiiritz River,' 
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the Gamtoos River, the Sundays River, the Great Fish River, and the Kei 
River form important phyto-geographical barriers. Permanent climatic 
barriers are also given by the seasonal distribution of rainfall. The South¬ 
west Cape Province has essentially winter rains, the remainder of South 
Africa essentially summer rains, but such permanent climatic boundaries 
might well fit in with an ■ Age and Area rule It is different with fluctuating 
climatic barriers owing to periods of drought and comparatively good rain¬ 
fall alternating at irregular intervals. This applies to the greater part of 
South Africa, though not to the same extent to South-west Cape Colony 
as to the remainder. It is especially striking in its results in the eastern 
parts of the Karroo (a badly defined geographical term meaning the interior 
part of the Cape Province, in which the vegetation consists largely of dwarf 
shrublets). Here a battle royal is waged year after year between grasses 
and dwarf shrublets (though the struggle is now In many places obscured 
through the overstocking of many* farms). For years not a blade of grass 
is seen over wide areas. Elven right into the south-east portion of the 
Orange P'ree State the Karroo shrublets may reign supreme. In times of 
good rainfall the picture is changed. In April 1921 the greater part of 
this area, as far west as Beaufort West, looked like typical grassveld. Of 
course only a limited number of grasses specially adapted to these strange 
conditions can take part in the struggle, and it is no use drawing up statis¬ 
tical returns for these large areas. The conclusions as to their ^ Age and 
Area' must be wrong. Much less is this justified in comparing the grasses 
of this area from this point of view with those of the adjoining so-called 
Kalahari desert (which to a large extent is not a desert at all), where the 
moisture is somewhat tenaciously retained in the upper layers of' the 
sandy, soil 

4. Geological changes. —These, of course, go on incessantly, but no violent 
changes have taken place in South Africa since cretaceous times. Previous 
changes may perhaps be ignored when dealing with flowering plants. The 
fact that soils have been derived from different geological formations has in 
South Africa only minor irnpoilance (just like altitude). A few examples 
may suffice. Karroid scrub formation-and Karroid shrublet formation of 
more or less the same composition in each case are near Uitenhage not 
much above sea-level on recent deposits, Pleistocene, on a cretaceous forma¬ 
tion, and even on Table Mountain sandstone and Bokkeveld beds, (carboni¬ 
ferous). Similar .plant-formations are found near Grahamstown on Witte- 
berg sandstone (to an altitude of about %%oo ft.), on the Dwyka and Ecce' 
series (both triassic). , ' The countiy round. East London ,belongs to-the 
'Beaufort' series (triassic) and has essentially permanent grassveld. , ,On the 
,sam'e, series we'ffod, the forestS; of the A'matola, Mountains and:, a large part 
of''the;,'KarroO' vegetation' ''"farther' west.' .■'' ,Available ■moistu,re''„is,,' here - the; 
'limiting,'factor,'and this shows,- 'itself, mot only,directly but indirectly „ by - itS"- 
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effect on the soil,^’determining by leaching largely its chemical composition 
and no doubt also influencing very largely the development of micro¬ 
organisms. 

5» Serious changes of climate .—There is no evidence to show that since 
cretaceous times serious changes of climate have taken place in South 
Africa as a whole, though there must have been numerous local changes^ 
owing to lowering of mountain ranges, deepening of valleys, ^extermination 
of forests, &c. It has also been shown (Du Toit in 'S. A. Geographical 
JournaP, December, ipac) that in the Pleistocene there was temporarily an 
extension of the land towards the south. This must have influenced the 
climate of a portion of our now very narrow coast districts. 

Some of the remaining points have been more or less incidentally 
dealt with by me. I may be allowed to say that I cannot see on what 
logical'grounds they have been put down by Willis. In most cases I will 
confine myself to the enumeration of his points. 

6. Natural Selection. 

7» Local adaptatio 7 i. 

<S. Dying out of occasional old species. 

9. Arrival of a species at its climatic limit .—The importance of this 
point is frequently exaggerated. We see this plainly in cultivated plants. 
In the Bathurst division, e.g., apples and pine-apples are grown to per¬ 
fection almost side by side. The only native palm which reaches the Cape 
Colony, Phoenix reclinata^ is distributed in a narrow coast strip as far as the 
mouth of the Bushman’s River. This has often been ascribed to tempera¬ 
ture limitations, but the temperature is pretty even along the coast for 
hundreds of miles westward from this spot, and it can be grown and pro¬ 
duces ripe fruit inland even in exposed places, e.g. at Grahamstown, where 
there is heavy frost in winter. The reason for its limited extent is proba¬ 
bly to be sought for in the distribution during the fruiting season of birds, 
especially parrots, which disperse its seeds. Bews has shown that in 
Natal tropical plants ascend from a narrow coast strip in the river valleys 
to localities with more temperate climates with the aid of birds. Thus the 
distribution of our plants cannot be explained by the study of plants alone. 
I may here mention in parenthesis that it may frequently depend 'On polli¬ 
nating insects, the distribution of which may be governed by" different 

, .circumstances than those of plants, on insects destroying seeds, &c. ■' 

10. Density of vegetation upon the ground at the time of arrival of 
a'species. 

11 . Presence or absence of motmtain chains., 

' I a. Relative/width of the tmmt between the,, country ■of departure .and 
", that of arrival. '.■/. ■ .■■■:■■'■■. 

It lsmotlikelythat a'general rule of* Age' and Area’ can be, drawn up 
for South'Africa. 'These ,po,ints, according to Willis,, ca^ncef themselves out 
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in the long run, but if they did, this ivould be quite accidental and the result 
would not teach us anything. 

Endemic species and ge^iera, —The term ‘ endemic ’ may be applied to 
South Africa as a whole, or to one region of it, or to a more limited area 
only, in which case the term ‘ local ^ may be preferable. 

Willis states f Ann. of Botany \ xxv, p. 503) that ^ there is no difference 
between endemic genera and species and others that occupy larger areas, 
except that in general they are younger h As far as I know, no botanist 
has ever asserted that all endemic species and genera are relics, but there 
has, on the other hand, been too great a tendency to deduce relative age 
by means of * evolutionary tendencies’ and by facts of present-day distribu¬ 
tion, and thus construct evolutionary schemes in which many endemic 
species and genera form the ultimate branches. The statistical tables 
constructed by Willis in the paper referred to, as well as in others, do 
not seem convincing. They group together such heterogeneous elements 
that by their separation and closer analysis quite different results 
might be obtained. If they prove that the endemic genera on the Islands 
to which he refers are not moribund he will have hurt nobody’s feelings. 
This conclusion might be accepted from Darwinian principles, but WilhVs 
principles do not tell us which of them are relics, and he himself admits that 
such do occur. In fact there is a postscript to this paper in which he 
admits that in North Temperate America amongst the endemic genera there' 
are many relics; while there are, according to him, none in the tropics nor in 
Europe, In the same number of the ‘Annals of Botany®, Guppy, by the' 
irony of fate, has a paper, ‘ The Testimony of the Endemic Species of the 
Canary Islands in favour of the Age and Area Theory of Willis ’ (L c., p. 514), 
in which a return tO' a pre-Darwinian standpoint is urged, which according 
to the author is Willis’s standpoint, but my poor understanding cannot 
follow him when he praises Pitart and.Prouet’s work as being on the lines of 
Willis’s theory, and Immediately afterwards states/ Evidently they hold with 
Hooker that the single species have arisen as adaptations to the particular ' 
conditions of individual islands The parent species, of'course, must have 
reached these islands and died out. If this is , not pure Darwinism I do not 
know what to call it. He also states that ‘ the later evidence indicates that 
the Canaries and the Macaronesian group generall}?- are by no means alone in 
this respect ’ (that they hold relics of an ancient continental flora), ‘ and that 
islands 'have often been sanctuaries for the survivors of continental floras 
that have passed, away There 'is nothing pre-Darwinian or anti-Dar¬ 
winian in these utterances either. Hooker^s view^s on these endemic species 
'were based, on the discovery of. plants in the tertiary ' beds of southern 
Europe, closely allied to or identical'with living M'acaronesianspecies,.;. The 
past ■''has here ,bee,n-, a 'g,uide ' to, the.present,, and where,' w,e /have,,.as in ',the; 
greater part of the' world, and certainly, in South Africa, to ,'take the'pfe-' 
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sent as a guide to the past, we have to be extremely cautious and cannot in 
many cases come to conclusion whether an endemic species or genus is 
a relic and therefore, according to Willis, necessarily moribund (which I do 
not admit},5 or whether it is some recent creation. 

A few examples may illustrate that great caution is necessary. Crassula 
fiatans^ Thuiib. {Helophyttmi natans, E. et Z.), w^as until recently only 
known from the southern coast districts of Cape Colony and extends in 
a robust variety to East Africa, but a few^ years ago it w^as also found in 
Australia, where no near relation of the species occurs. 

Cypertis tenellus^ L. f., is found in the southern coast districts of Cape 
Colony as far east as Grahamstown, also in temperate Australia and New 
Zealand. If either of these species were to die out in one of their remote 
homes they would be classed as endemics and as young species, whereas 
they are clearly relics. 

Chrysithrix, L., was until lately thought to be endemic in Soutli-w^’est 
Cape Colony. C. B. Clarke has described an Australian species in 1909. 

Schoenoxiphium^ Nees, which the latest monographer of Cyperaceae- 
Caricoideae^ Pastor Kiikenthal, regards as the starting-point of this group, 
is almost confined to South Africa. It extends slightly to Nyasaland. 
Now the huge genus Carex, though represented in South Africa, is not 
likely to have originated here. One must, therefore, conclude Schoe^io- 
xiphitim is a relic. The Keurboom ( Virgilia capensis) Is an endemic in 
the narrow coast strip from Van Stadens westward. The genus Virgilia is 
monotypic. It is allied to Calpurnia, which is found in the warmer parts of 
Africa, and one species in the East Indies, but it stops short in the Uiten- 
hage division just about where Virgilia begins. Virgilia is also allied to 
Bohisanthus, a genus widely spread in southern tropical Africa. These 
genera belong to the Sophoreae, mostly tropical genera which, are generally 
considered to include t3^pes which represent or are near the ancestors of 
Papilionaceae. In any case Virgilia appears to be a relic. Amongst the 
genera which are clear relics in South Africa are Welzvitschia^ Prionium^ 
and Hydnora. Then there is e.g. the genus Greyia^ only found on the 
■Drakensbergen and near Kormgha. Greyia^ though it has distant, rela¬ 
tives in South Africa {Melianthiis and Bersamci)^ be a pretty old 

genus, and does not fit in with an ‘ Age and Area rule ^ ' Another and perhaps 
more striking example is my Pagella Ann. Bolus Herb.’ iii. 67), which 
must also be very old., It' was found, a couple' of years ago at Montagu and 
' ' Matje'sfontein. Though easily . overlooked it cannot have an extensive dis- 
'' tribution,'' ■ It is quite isolated amongst the genera oi Crassnlaceai. .' 

,„ A large, number oC genera radiate from the'tropics into South 'Africa 
,','and vice versa' (cO'Cnpare my * Summary of the Distribution of South African,' 
Flowering. 'Plants' in ' Trans. ,RoyalSoc.,:''of South Africa"yvii. xp)., Tn' 'many, 
cases the relation of ^ Age and Area’ can h^durntised. Even in ."not. 'a''.few. 
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cases there is a general agreement on these points amongst botanists who 
have given attention to the subject. There was no need to invent for these 
an * Age and Area theorybut to speak of general ‘ Age and Area theory ^ 
or of an * Age and Area rule ' is absolutely unjustified. It would be very 
helpful if it existed, but a theory or rule dealing with " Age and Area ^ of plants 
is of no use unless it helps us to understand present-day distribution and to 
distinguish plainly the derived from the primitive. If such a rule could be 
of any value at alh it should be possible to arrange the genera according to 
distribution, and thus arrive at a natural classification. Everybody will 
admit that this is an impossibility for South Africa and for any area, small 
or largCj that we may select, except in such a proportion of cases as we rna.y 
expect if we accept the theory of evolution. A more decided relation 
between ' Age and Area ’ will natural!}-' be expected by anybody believing in 
evolution in closely allied species, but even here we cannot acclaim a theory 
which leaves us in doubt in most cases, and is clearly useless In many 
others. If we find, as is actually' the case, a Ltiznla or a Vaceinuim in 
South Africa, it is reasonable to conclude that they have reached the 
country’- after allied species were developed in the north, and that they are 
derived from them. We conclude that they' are comparatively' young. 
Sanicula europaea is found in South Africa unaltered, but even this fact 
does not necessarily mean that it is a ymunger South x 4 frican inhabitant 
than our Lumla or Vacciniuni. There is nothing inherent in a species 
which compels it to vaiy. Thus it is clearly' unjustified to lump together in 
statistical returns dealing with E 4 ge and i\rea ^ genera with n-o near relation¬ 
ships amongst themselves. I shall deal presently' with a few cases to show 
that even amongst allied species application of an ‘Age and Area theory'Ms 
of 'no value, but I would first of all call attention to a few cases of discon¬ 
tinuous distribution of species in South Africa which will show that we may' 
well be content to apply the principles laid down and used by' Sir Joseph 
Hooker, Asa Gray', Engler, and other distinguished phytogeographers. The 
leading Ideas with which Engler prefaced his ‘ Versiich eiiier Eiitwicklungs- 
geschichte der PflanzenwelH (1S79) have no way' been' disproved or even; 
amplified by' anything Willis or his supporters have, published, although 
they may well here and there require revision on other grounds. 

Species. tmtk discontmtions distrihntion in South Africa are found 
'.especially in the coastal districts.. In some cases they' may' only' appear to' 
be discontinuous owing towur ignorance; e.g. Cositilaria kumilis, which was 
found over 100 y'ears ago near Cape To.wn, has only recently' been found 
again near Muizenberg, and,soon after near'Knysna, but it is a plant easily, 
overlooked. This may apply also to which occurs ,nea„r. 

Cape Tow.ii'j.the mouth of; the ’Siang River, and near Humewood. .Until' 
recently it was only re.corded from''South-west :C.ape Golo.ny..-In -the 'present- 
state 'of our knowledge of plant distribution in South Africa,, .one' can - 
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cases reasonably expect to see widely separated stations connected by suit¬ 
able localities at intermediate stations, but there are evident exceptions, 
that is, of species with widely separated stations with suitable localities 
between them in which they are undoubtedly absent. 

In the Knysna-Zitzikamma forest area we find e.g, Fatirea saiigna, 
Ocotea bidlaia^ Pygeum africanum^ Calanthe natalensis^ Strelitzia augusta, 
Dtimmm villosa^ Anemone capensis, and a number of other plants which are 
separated by hundreds of miles from the nearest station farther east, 
although there are innumerable suitable localities for their existence in 
between. If they disappeared in the Knysna-Zitzikamma area, where most 
of them are very local, their area would at once be changed. The few 
examples I have chosen are not isolated ones. Hundreds of others could 
have been given. 

The crux of Willis’s ‘ Age and Area theory' consists in the assumption 
that the dispersal of a species and of the new species derived from it must 
be centrifugal Theoretically, this may be conceded at the start, but by no 
means for all times to come. 

If a species A spreads it gives rise to new species B, £ 7 , Z), &c. The 
longer it has been in one place the greater, according to Willis, will be the 
numberor derived species which show themselves as local endemics. He comes 
to the conclusion (‘ Ann. of Botany xxxv. 427)—in the first place in the case 
of the New Zealand flora—that the number of endemic species would gradii* 
ally rise to a maximum at or near the point where the genus entered 
a country. By the massing of endemics he tried to show that he could 
discover separate invasions. Now, in the first place, there is absolutely 
no reason to think that an endemic may not spread in a direction just 
opposite to that from which the parent came, and even occupy in time 
a greater area if it is better fitted out in the struggle for existence. In 
South Africa we have a number of genera which are not likely to have 
originated here, e.g. Crasstda, Helichrystim^ Matricaria^ Erica, They 
have a large number of endemics, many of them local, but none of them can 
have entered the country at the centres where their endemics are chiefly 
massed. The genus Erica shows this most clearly, and is also more easily 
dealt with, as it does not penetrate far from the coast into the drier interior 
parts. A few remarks on the distribution of this genus in South Africa and 
its relation to that in tropica! Africa and Europe, as well as of other 
■ Ericaceae generally, may, therefore, not be out of place. I may preface 
them, however, by the remark that Willis's ‘Age and Area theory’ does 
not. inThe slightest' degree help us to gain a clearer insight into their,, dis¬ 
tribution. ' Willis insists that ' one- must take species of the same ecological' 
type "for- CG'mparison, and at least ten species, if one wants tO' come' to satis- 
' ■factory Gonclosion:s,,-ah6,-th,e: 'genuS'-jErzr<2 genera 'are, therefore, 

adm,!ra,bly adapted'serve as,a--test. ,,"Moreover, dilEricaeem are con- 
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spicuoiis plantSj collected even by amateurs, and their distribution, though 
far from thoroiighlj^ known, is better known than those of the majority of 
other South African Natural Orders. I may say that with these difficult 
plants I have had the advantage of the kind services of the late Dr. Bolus, 
Mrs. F. Bolus, and Miss Guthrie in the determination of much of my 
material not quoted in the ‘ Flora Capensis \ All four subgenera and the 
large majority of the forty sections into which the genus has been sub¬ 
divided occur in a preponderating degree west of George in the region of 
decided winter rains. East of Van Stadens the genus tends to be restricted 
to the mountain ranges with a more temperate climate than localities of 
lower altitudes. In considering the table on p. 466, in which the number of 
species found in the George-Knysna-Zitzikamma area are compared with 
those near Port Elizabeth, chieSy at Van Stadens, on the Zuurberg near 
Grahamstown, and on the Drakensbergen, one may well conclude at first 
sight that the distribution in these areas is a proof of Willis’’s ' Age and Area 
theory f Curves could be drawn which would resemble those given by 
Willis for New Zealand species of Rammcnhis (• Ann. of Botany xxxv. 428, 
499)5 apparently proving that the genus reached South-west Cape Colony 
first. But the whole theory as applied to this case tumbles to pieces— 

1. When we analyse groups of species ; 

2. When we take into account allied genera which appear to be derived 

from the genus Erica ; 

3. When we take into account the distribution of the Ericaceae generally, 

and of Erica in particular, which seem to prove that Erica liZ-S 
arisen in the Northern Hemisphere. There is not a single fact 
known which indicates southern origin. It must have come to 
us through the mountains of tropical i!\frica. 

, , Ericay L. 

Distribution of South African sfecies east of George. —The total 
number of species mentioned in the first .column is taken from the Flora 
Capensis voL iv. These figures should here and there have been slightly 
altered owing to new species having been described since its publicatio,ii. 
The alterations would, however, not affect the arguments. 

The areas mentioned are particularly suited for comparison on Willis's 
‘ Age and Area theoryas they may be compared to is,lands more and more 
remote from a central one.. The general results would not be materially 
altered by linking up intermediate, stations such as the Amatolas and the 
mountains near Queenstown,, with the Zuurberg on the one hand . and the 
Drakensbergen on the^ other hand.. One species, namely E. reem.nsis^ 
Zahlbr., from the ,Drakeiisbergen,.,,could not'be accurately placed .By me,'aiid 
is not included.' 

This scheme' sho,ws . in 'the first place that the number ■ of. sec,tions 
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I (?) 

3 

25. Polydesnua 

IV. Subgeniis 

4 

I 




Ckianiydanthe 

88 





26. Chromosiegia 

3 

— 

— 

— 


27. Oxybma 

3 

— 

— 

— 


28. Eriodesmia 

4 

I 

—. 

—- 

— 

29. Ampkodea 

3 

— 

— 

— 

— 

30. Geissosiegia 


4 

— 

I 

— 

31. Elytrestegia 

5 

I 

I 

— 

— 

32. Apoeeus 


— 

— 

3 (or I ?) 

I 

33» Lamproils 

20 

4 (2 near George 

■t 

— 

2. 



only) 




34. 'Eurystegia 

lo 


— 

— . 

—. 

35.' Adeiopeiahmt 

r 

I 

I 



'36. Trigemma 
"V.. StibgenttS' 

22 

3 (or 2 ?) 

I 


2 

Piatystoma ' . 

38 





Pdlycadon : 

8 

■ 2 

2 

2 

'■ . 

38. Eurystema 

11 

2 

I 

I 

— 

39. Melastenmi. 

MO ■ 

4 

2 

—, 

I 

^0, Gamocalamys.. 

6 ' 

4 

3 

I 

I' 

:Cyaihoimm . 

': 3 ' 



— 



decreases from west to^eastj.and also’on the whole;the number of species* 
It would lead metoo far to: reproduce’a'detailed analysis'of comparison'of 
all the species considered'by: me*’will, confine my self to a few'.selections, 
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which show that Willises ' Age and Area theory ^ does not find confirma- 
in these heaths. 

4. Section Evanihe. — E. cnrviflora is widely spread in the Knysna- 
Zitzikamma area and extends westward to Clanwilliam. It is a very vari¬ 
able species, but there are other variable species in this section with 
restricted distribution in the south-west, and there is nothing to show that 
it has more primitive characters than the others. 

5. Section Dasya-ntkes. — E. cermthoides is very variable, but only one 
distinct variety can be well defined. It is probably the most widely spread 
species in South Africa. It reaches the habitat of the only other species of 
this section found east of Port Elizabeth, namely E. Oatesii, which is only 
known from the Drakensbergen. This, however, seems to be a more primi¬ 
tive form. According to Bolus and Guthrie it almost unites the sections 
Dasyanthes and Ephehiis, 

13. Section Ephebus ,—This huge section, so largely developed in the 
south-west, has actually more species in the Drakensbergen than in any of 
the other areas from George to the Zuurberg. The only species extending 
over the south-west and found in all the areas under consideration, 
E. caffra^ is fairly constant. Only’one variety has been described in the 

Flora Capensis None of the three purely eastern species are closely allied 
to it. They are placed without comment in the ^ Flora Capensis ^ between 
south-western species. N, Varderi, Bolus, which is quite isolated 
amongst eastern species, is only known from one valley near Graliamstown. 

14. Section Ceramia .—This section is absent between Port Elizabeth 
and the Drakensbergen. E. trichoclada occurs in Natal at an altitude of 
4,000 ft. , Bolus and Guthrie make the foliowing remarks on this species 

Flora Cap/, iv. 147): ^ A species singularly interesting as being an outlier 
from the great central home of heaths and as closely resembling F. kptodada^ 
from the,station of which it is separated by 800 miles, while both appear to 
be rare/ 

17. Section Pyronium* — E. drakensbergensis stands between 
delicwsa and E, decipmzs \ the. former extends from Riversdale to. Van 
Stadens, the latter from Knysna to the. Zuurberg and Roschberg. 

18. Section Ordphanes.—The two species on the Drakensbergen are 
very isolated in their distribution; one, however, namel}^ E. siiiefis, occjLirs 
also in the Stellenbosch and Caledon, divisions, and is unknown from the 
intervening'distance of about'800 miles. 

ao. Section Pachysa.—Two species on the Drakensbergen, one ■ of 
which, extends westwards to the mountains.near Queenstown, none on the.. 
Zuurberg .or near Port Elizabeth. , These two species are placed separately 
in the ^ Flora'Capensis’between, south-western species. 

'''■ ■ aa. Section, Ckhreeodo?i.--E. Wmdip BoL (closely ailied,„.tO'.F.‘ 

section on the Drakensbergen, .the Hoiitbosch in The 
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Transvaal^ and westwards to the mountains near Graaff Reinet^ is otliermdse 
only found on the Cedarberg Range, Clanwilliam. E. maesta, Bol., though 
absent from the Zuiirberg, has a fairly continuous distribution in suitable 
localities from the Knysna to the Drakensbergen. 

Section Arsace has four species on the Drakensbergen and one in 
Tembuiand at 4,000 ft,, namely E, letica (var. y). Other varieties are found 
westwards as far as the Caledon division. E, hispidnla^ L., is not found 
between Natal and the George division. E. copiosa, Wendl., widely spread 
in the south-west, does not occur east of Van Stadens until we come to 
Griqualand East. E. ebracteata^ BoL, from the Mont-aux-Sources, has its 
nearest ally, E, salax, in the Stellenbosch division. 

^4. Section Psenderemia. — E, sola?idra, Aiidr., was only known to 
Bolus and Guthrie from the George division and Van Reenen (Natal). 
A specimen from the Zuurberg, near Grahamstown, with undeveloped 
flowers, may belong to it. 

30. Section Geissosiegia ,—This section is not recorded east of the 
Knysna division. An undescribed species is found on the Zuurberg, near 
Grahamstown. 

31. Section Elytrostegia, — E, ghmtaeflora is one of the few species 
which has a distribution outside the south-west region at very low alti¬ 
tudes to the neighbourhood of East London. It rises to 3,000 ft. at Stutter- 
heim, but already on the Zuurberg it ascends to 2,500 ft. 

32, Section Apoecus .—Only two species are placed in this section by 
Guthrie and Bolus. One is confined to the Zuurberg, near Grahamstown, 
and the Amatolas (and adjoining mountains); the other, a very variable plant, 
continues this distribution north-eastwards to the Drakensbergen. 

33, Section Lamproiis, — E, Wes At, L,, Bob, and E, Simonsii, L., BoL, 
are found at high altitudes on the Drakensbergen ; all other species of 
the section are south-western, none east of Van Stadens. 

36. Section Trigemma ,—Again there are two species in this section 
known from the Drakensbergen {E. Thodei^ G. and B., and E, lasiocmpa). 
No other species of this section is found east of the Knysna division. 

38. Section Eurystoma, — E, Wyiei, BoL, from the Giants' Castle, 
Drakensbergen (7,500-9,000 ft.), is allied to E. jioccifera, Zahlbr. (= A*. 
floccosa^ BartL non Salisb.), which is only known from the Caledon and 
'Robertson divisions, 

' 39. Section Melastemoin—E, cubica^ L., is not found between Natal 

' and Van Stadens.;, The Natal specimens are placed, under a distinct variety 
of this variable species. 

40. Section Gamocalamys *—There is no species between Grahamstown 
and ' E^naiaiitm^ BoL, connects .this section with the section 

Most,'; of ..these remarks; were .excerpted by: me'some' time" ago., without' 
any ide^ of proving or disproving a-..theory* They show, ho.wever,. plaihly 
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in the first place that when we come to bed-rock of Willis s ^ Age and Area 
theory ’ by comparing a number of closely allied species of the same 
ecological type, the present distribution of the South African species of 
Erica does not fit in with a mechanical rule such as Willis thinks he has 
discovered as governing the distribution of plants. The species which 
occur at widely separated stations or closely allied species in a similar 
position, both of which will be found in these brief remarks, are particularly 
interesting, as previously pointed out, because if they disappeared from 
either of their distant stations their whole position in a scheme of distribu¬ 
tion would be completely altered, and this must frequently have happened 
in other species. 

When we come to the tropical African species we again find little to 
help us in gauging age by area. Ten species have been described from 
tropical i\frica. They are ail found in the eastern mountains of the equa¬ 
torial belt, with the exception' of E, arborea, which is also found in 
Abyssinia, the Canary Islands, the Mediterranean region northward to 
Dalmatia and the Tyrol. None are identical with South African species. 
Engler says of E. Princeana^ Engl., from northern Nyasaland, that it 
resembles superficially E. Oatesii^ Rolfe (subgenus Syringodea^ sect. Easy- 
andies). All others appear to belong to the subgenus £u~Erica, three from 
Nyasaland belong to section Ceramia^ two belong to section Hermes 
(Nyasaland and eastern Rhodesia), three (incl. E. arborea^ L.) to section 
Arsace, and one from Nyasaland to section Pseuderemia. The remaining 
species of Erica are mostly found in South, Central, and West Europe (as 
far as Norway). All seem to belong to the subgen us Eu-Erka (as defined 
by Bolus and Guthrie in the ^ Flora Capensis voL iv). Some belong to 
sections which are not found in Africa, others belong to the following 
sections: Pyroninm (absent from tropical Africa; includes a South Euro¬ 
pean species, E, umbellaia, L., closely allied to the South African species, 
E, deliciosa^'^ Gyps.ocallis (absent from tropical Africa), and Arsace. 

We may be justified in concluding from these facts of distribution 
that' Pyronium^ Gypsocallis^ and Arsace represent very ancient groups of 
Erica, but we dare not go farther and conclude that they are the most 
ancient ones. Since Pyroninm and Gypsocallis are absent' from tropical 
Africa we have here, on a bigger scale than before in the genus Erim^ a hint 
that isolated distribution should make us very cautious in drawing coiiciii- 
sions as to age from' present-day distribution. If' either of these sections 
were to disappearTrom remote stations, as they must have disappeared from 
intermediate stations (unless they have been evolved by convergence), they 
would noW'occupy, a comparatively small territory. and would, appear,to be 
' comparatively new groups. 

, Before ' further .commenting , on these' facts of distributionwe,. must 
glance at the' d„istribution ,of, African genera allied loErim^ of which' no 



470 ScJi()}iJ-and.—On the Thejry of "Age and Area\ 

than eighteen are distinguished b}^ N, K. Brown in the fourth volume of the 
' Flora Capensis h I think there will be a general consensus of opioioii that 
these are descended from Erica (like the genus BruckeiithaHa^ Reiclib,, which 
occurs ill the Ikilkaiis. The South African genus MacNahia^ I'kintl'L, has 
been right!)/ included by Bolus and’ Guthrie in Erica)^ ( 3 iily three of 
these: PhilUppia, KL, Ericinella, KI*, and Blacria^ L., extend be)/ond 
South Africa. Phillippia occurs in South-wes^t Cape Colony (west of George)j 
near Graaff-Reinet, in Angola, Nyasaland, and generally east tropical Africa. 
Engler has given a survey of thirteen species in ‘ Bot. Jahrb.’, xliii, 466, and 
Spencer Moore has described two in ‘Journal Linn. Soc. (Bot.) ^ xl, :191:1a 
One species occurs near sea-level on the islands of Mafia and Pembu, a most 
unusual adaptation to real tropical conditions of African Ericaceae. There 
are also a number of species on the Mascarene Islands. 

Ericinella is only a small genus. It does not reach South-west Cape 
Colony. In South Africa it is only found here and there on the range of 
mountains stretching from the Amatolas to the neighbourhood of Graaff-* 
Reinet, It is represented on the mountains of east and west tropical 
Africa and in Madagascar. 

Blaeria is in South Africa confined to the south-west coast region. 
Two species are known from Angola (one of these also occurs in Nyasaland); 
one has a wide distribution, being found on the Cameroons Mountain, 
summit of Clarence Peak, in Abyssinia, and on Kilimanjaro. In addition, 
Engler has described (in ‘ Bot. Jahrb.', xliii) five species from the mountains 
of equatorial Africa. 

The huge gaps in the distribution of these derived genera are particu¬ 
larly noteworthy. If- we knew the genus Erica and its allies only, we 
might come to the conclusion that it has dwelt longest in South Africa, 
and that all species outside .South Africa are outliers. Thus we would 
.assume that the development has taken place in a northward direction. 
This assumption probably would to a certain extent be correct, but on con- 
.sidering the other Ericaceae we see that the original current of distribution 
has been in just the opposite direction. However, no ‘ Age and Area theory' 
can disentangle these two opposite currents except in the . vaguest sort of 
way. Willis (‘Ann. of Bot.’, xxxv. 497), ‘ with the aid of a prediction of 
the bearings of,Age and Area upon the subject', came to the conclusion, as 
regards, the'New Zealand flora, that the number of endemic species, in any 
genus would rise ‘ gradually to a maximum at or near the point where the 
genus entered',.New'Zealand in the first place'. , Applying, this prediction, to 
the genus in South Africa, this point would be a part of South-west 

Cape., Colony, west of George,^ where .not., only a large number of endemics 
are' massed, but'.where' moreover-the greatest diversity, owing-to formation' 
of subgenera and derived genera is to be found ; but I fear no contradiction 
when I assert that .it.'is :certa,{nly not -the place. .where, the genus Erica 
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entered South Africaj or where it originated, and thus again Willis’s theory 
breaks down. But before accepting this as final we will take a glance at 
the distribution of Ericaceae generally an#'of allied orders. 

_ Cletkraceacj with only one genus, Clethra^ L., found in tropical and sub¬ 
tropical parts of both hemispheres (known also from the Tertiary Inamber)^ 
but mainly in the Northern Hemisphere, in Africa at Madeira. It has a chori- 
petalous corolla (which is also found amongst Ericaceae-Rhododendroideae) 
and possesses various other characters which may be looked upon as primi¬ 
tive. 

Pirolaceae are north temperate, extending to the arctics* Allied to 
E ricaceae-R hododendroideae- L edeae. 

Lennoaceae^ found only from S. California to central Mexico. They are 
all root parasites. 

Epacridaceae, found in Australia, Tasmania, New Zealand, New Cale¬ 
donia, Hawaiian Islands, southernmost part of South America, Malay Archi¬ 
pelago to India. They are most nearly allied to the Ericaceae-Ericoideae^ 
and may be derived from them. They are haplostemonous (or even with 
further reduction in the androecium); they have free sepals; filaments are 
usually not free, but to a certain extent united with the petals. The family 
shows other peculiarities which preclude the derivation of the Er.-Ericoideae 
from them, and thus it throws no light on the origin of this sub-order and of 
Ericaceae generally. 

Diapensiaceae are a small northern family, circumpolar, chiefly arctic 
alpine, extending southwards to Scandinavia, the Himalayas, Tibet, and 
Japan. A most important family in so far as it shows relations to Clethra- 
ceae, Pirolaceae^ Ericaceae^ Epacridaceae^ and even Prhmilaceae (according 
to some botanists also to other gamopetalous families). 

Ericaceae, 

I. Section Rkododendroideae, —Northern, circumpolar to subtropical 
parts. In Africa only on the Azores. 

0., Section Arhitoideae, —Northern, circumpolar, but extending south¬ 
wards to the tropics. As far as Africa is concerned there is the genus 
Agauria (which also occurs in Madagascar and Mauritius). It is a small 
genus found on the mountains of Angola (where also the allied endemic 
monotypic genus Ficalhoa^Yiloxu^ occurs), the Cameroons, and Fernando Po- 

3. Section Vaccmioideae, —Northern, circumpolar, extending south¬ 
wards’in both hemispheres to the tropics. Only one genus poorly repre¬ 
sented in Africa, namely, by a species of Vaccinium in Nyasaland and by 
another, on the Drakensbergen. 

4. Smtion Ericoideae,—These been referred to in connexion 

with:'our discussion' of the distribution of the genus except the mono- 

typic genus -which is widely spread in-Europe, especially on the 
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moimtaiiioiis parts of western Europe, but also occurs (though rarely) on 
the Atlantic coast of North America and Newfoundland. 

It will be seen that tlie Vaccimoideae and A 7 d)Htoideae actually cover 
a wider area than the Ericoideae^ but nobody will^ I think, conclude from 
this fact that they are older than the Ericoideae, Contrary to Willis’s rule, 
we may be justified in drawing the conclusion from a consideration of these 
areas that the Ericoideae and even the genus Erica have had their origin 
in the Northern Hemisphere, but he would be a bold man who would go 
farther, and from the facts of distribution alone deduce the relative ages of 
genera, subgeiiera, and species. In the absence of geological evidence we 
are largely thrown back on such evidence as comparative morphology 
affords, and distributional data can only be used cautiously as a subsidiary 
help, but there is not, and can never be, a definite rule to connect ^ Age and 
Area k 

From the first, when Willis’s* Age and Area theory’ was promulgated, 
I have looked upon it with suspicion. I have tested it in numerous instances 
(with South African and other plants) not mentioned in this paper, which 
I did not wish to extend unduly. There was also the same result, namely, 
that it is not a guide to bur uilderstanding present and past distribution of 
plants. Where it appears to be applicable it resolves itself into the platitude 
that of two species equally endowed in the struggle for existence^ the older 
will have a better chance iirider equal conditions to occupy a larger area ; but 
since two species can hardly ever be so equally balanced, and since really 
equal conditions can never be mei by them in their migrations, the result in 
the most favourable cases can only be approximately fulfilling the predic¬ 
tion of the theory. Moreover, we can never be sure zvhen it may be appli¬ 
cable. All the valuable lessons which we have learned during recent years 
from the study of plant-successions are the best vindication of the soundness 
of Darwin’s Theory of Natural Selection in the struggle for existence, and 
,we are on safe ground in adhering to it, provided we do not lose sight of the 
fact that Natural Selection is not a creative force. It is ^the rudder by 
which the ship is steered k It determines the course which' plants take in 
.their' migrations ; frequently it leads them on to shoals where they stick, 
frequently it leads them to destruction. 




A Remarkable Development of the Sporophyte 
in Anthoceros fusiformiSj Aust. 

BY 

D. H. CAMPBELL. 

With eight Figures in the Text. 

T here has been a marked tendency of late, especially among British 
botanists, to question the validity of the antithetic theory of alterna¬ 
tion of generations in the Pteridophytes, and considerable Ingenuity has 
been shown in the efforts to prove essential homologies existing between 
gametophyte and sporophyte. 

None of the theories proposed has seemed to the writer to be based 
upon positive evidence at all commensurate with that brought forward in 
favour of the antithetic theory. Especially striking are the numerous 
resemblances between the sporophyte of the Anthocerotaceae and that of 
the lower Pteridophytes. 

The Anthocerotaceae constitute one of the most clearly defined 
families of plants known to the botanist; but their relationships with other 
forms are by no means so evident. The highly developed sporophyte, 
especially in the genus Anthoceros^ has naturally invited comparison with 
that of the simpler Pteridophytes, and the writer has long felt that the 
marked similarities of structure are something more than mere analogies. 

The gametophyte of the Anthocerotaceae is very simple in structure, 
and fairly comparable with that of the Marattiaceae ot Equisetujn. The 
single chromatophore found in most of the Anthocerotaceae is very much 
like that of many green algae and is unknown elsewhere among the Bryo» 
phytes. Together with the very simple structure, this indicates that the 
gametophyte of the Anthocerotaceae is perhaps the ■ most primitive of all 
the Biyophytes. 

Of the American species of Anthoceros, the common Pacific Coast 
A. fusiformis, Axxst., has the longest sporophyte. This often reaches 
a length of tw'O or three inches, the maximum recorded by Howe ^ being 

Howe, M. 'A.vj'.The Anthocerotaceae of North America, Bull. Torrey Bot Club, xxlv,"p.".L7 
(1898). ■ 

'■ [Aanals of Botany, VotXXXVIIX. No. CLI. July, 1924-] ■ ' • 

I i'a: 



474 Campbell.—A Remarkable Development of the 

9 cm. The sporopliytes are produced in large numbers, so that a mass of 
fruiting plants looks like a tuft of fine grass. 

The writer, in August, 1933, received from Carmel, near Monterey in 
California, some specimens of this species in which the sporopliytes greatly 
exceeded in size the maximum figure given by Howe, and were the largest 

that the writer has seen in many years^ 
collecting of Anthocerotaceae in various 
regions. The largest specimens were 16 cm. 
(quite six inches) in length. The specimens 
were collected by Dr. G. J, Peirce, and 
were evidently survivors from the previous 
growing season. Ordinarily the plants dry 
up completely with the cessation of the 
rains in April or May, and, while the game- 
tophyte revives with the autumn rains, the 
sporophyte perishes. 

There were abundant rains in October, 
1^%%, and it is probable that the sporo- 
phytes in question began to develop soon 
after, so that they may have been growing 
for nine months or more. 

The specimens were collected in San 
Jose canyon, near Carmel. This canyon 
has a permanent stream, and is open to 
the sea fog which prevails along the central 
Californian coast during the summer. The 
plants were growing on low banks near the 
stream, where there also was a luxuriant 
growth of two familiar Liverworts, Mar- 
chantia polymorpha and Fegatella cofdca. 
If was clear' that there was' a sufHdent 
. ^ ^ supply of moisture to enable the Anthoceros 

tXG. 1, Gamelophyte of , - , , , 

AnOwiirm funfmmis, hmt, to continue growth during.-the , Slimmer, 

very large sporophyte. Natural size. .instead of drying Up as it usually does, and 

the sporophytes, which undoubtedly had 
begun , their development some time during the previous autumn, were still 
actively growing in September when the writer visited the locality^ 

" A prelimmary note, describing these, remarkable' specimens, lias been 
published/but'the details of the structure, which show some most interest¬ 
ing and ■'significa.nt'deviations from the normal sporophytes, seem worthy of. 
::'m.or9 extended studyA ' 

r'Sd'ence,>ok Iviii, pp,.3,o7"-S, Oct. 1923, 
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Since publishing the note the writer has learned that Professor C. J» 
Chambeiiain had collected 211 Mexico an Antkoceros with remarkably long 
sporopliytes. Dr. Chamberlain writes that the plants were collected in 
1904, near Jalapa^ growing on a railway embankment ' He estimated their 
length as ^six or seven inches’, but made no exact measurements, nor, 
apparently, was the species determined. 

The material was given to Dr. W. J. S. Land, who later himself 
collected specimens in Mexico, and made a study of them, but has not 
published his results. #■' 

Whether this Mexican Antkoceros is the Pacific Coast A. fusiformis 
remains to be seen, but it is by no means 
unlikely. 

When the Carmel specimens were com¬ 
pared with normal sporophytes of the same 
species collected at Stanford University, 
not only was there found a surprising in¬ 
crease in the length of the sporophytes, but 
they were noticeably more bulky, and an 
examination of the tissues showed some 
remarkable and interesting developments. 

The older portions of the capsule had de¬ 
veloped spores of the usual form, and there 
was nothing to indicate that the early history 
of the sporophyte had not been entirely 
normal. 

The most significant thing about the 
enlarged sporophytes was the strong ten¬ 
dency towards the development of vegetative tissue. In some of these the 
basal region, for a length of 4^ cm., was still green, and in some few 
(see Fig. a) there was a slight hypertrophy of the basal region, causing 
a marked distortion, and associated with a relatively short spore-bearing 
region. 

A comparison of sections of the sporophyte where it had attained its 
full diameter shows that the enlarged sporophytes were from 0“6 mm. to 
i-o mm. in thickness, while the normal sporophyte had a diameter of only 
0‘5 mm. or less. 

A cross-section near the base of the normal sporophyte shows the 
columella to consist of about sixteen cells arranged in an almost perfect 
square (Fig. 3, A). Surrounding the columella is a single layer of sporo- 
genous tissue, the archesporium, outside of which are about three layers of 
cells, the outer of which later forms a very distinct epidermis, 

■' Sections' made Ligher .up,' (Fig. 3, a) show ■ a ■ large , lacuna surrGutiidmg: 
the columella,, which has become entirely detached from the’other" tissues,. 



Fig. 3, Sporophyte, showing un¬ 
usual development of the basal region 
and relatively short sporogenous portion. 
X 2. 
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and has begun to dry up, the cells being somewhat shrunken and apparently 
quite dead (Fig« 3, c). 

The sporogenoiis layer is differentiated into the spore rnotlier’-cells 
and sterile cells which lie free in the lacuna. The former undergo the 



Fig. 3. A, CrosS'-section of a normal sporophyte of sliowing the large lacuna^/, 

and the isolated colnraella, coL x about 60. a. Cross-section of one of the larger sporophytes ; 
the columella is notaldy enlarged, and connected with the cortex by sterile archesporial cells. 
X 60.. c. Columella of the normal sporophyte. x 380. i>. Columella, of B,' X380. sterile 
arcbesporial cell, E, Cross-section of the base of a normal sporophyte, showing the single Inyer of 
archesporial cells surrounding the columella. ■ x 380.'. f. Longitudinal section of sporophyte, 
much like that shown, in B, the columella joined to the cortex by the sterile archesporial cells, 
X about 60, 

:usual tetrad division, 'Between the lacuna and the epidermis is the green 
tissue, consisting :Of about five or siX''layers of cells. 

When' sections of the e,nlarged",.sp'orophytes are compared with 'those 
'fi*o,rn'the: normal o,nes,''v,ery marked differences are evident 

In some of the less developed ones' there was still prese,nt a conspicii- 
':Qiis;:lactma',S'Urrou,ndi'ng the 'columella; but in no' cases seen was this so large 
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as in the normal sporophyte, and in the larger sporophytes it had nearly or 
quite disappeared. 

Even where the lacuna is developed and normal spores formed 
3 > the columella, which is much larger than normal, remains 


C 



Fig. 4. A, R. Two sections from the base of the sporophyte shown in Fig. 2. a is nearer the 
base. The archesporial tissue is shaded, c. Cross-section of a large sporophyte in %vhich the 
sporogenoiis tissue {sp.) was almost completely abortive. All figures x about 60. 



Fig. 5, A. Cross-section, B, Longitudinal section, of the thickest sporophyte that was found. 
roly columella ; sj>., sporogenoiis tissue, x about 60. 

connected with the green tissue by means of the sterile cells of the arche- 
sporiiim, and the cells of the columella remain alive and functional. The 
columella is nearly twice the diameter of that of the normal sporophyte, 
and in longitudinal section it appears as a stout strand of elongated cells, 
highly suggestive of a simple vascular bundle. 

' ' ' ■ W the size of the lacuna there is a correspondmg' 

increase in the amount of green tissue, and this is still more evident in some 







478 Cam^Ml—A Remarkable 'Development of the 

of the larger sporopliytes, 'in >’hich the lacuna quite disappears and the 
greatly enlarged colu,mella is separated from the cortical green tissue^ which 
is more than twice as thick as that of the normal form, only by an imperfect 
layer of quite abortive sporogenoiis cells. 

Fig, 4, c, and Fig. 5 show sections of two of the large sporophytes, in 
which the very conspicuous central strand is to a great extent in direct con¬ 
tact with the innermost la}^ of the cortex, the sporogenoiis tissue being 
reduced to a few scattered, disorganized cells, these large sporophytes 
apparently having quite lost the power of spore-production in their 
younger portions. The basal part of these sporophytes is practically com¬ 
posed of a central stele, enclosed by a massive layer of green tissue, which 
may perhaps be called a cortex, While the axial stele shows no differentia¬ 
tion comparable to that in the true vascular plants, still there is little 
question that it is a true conducting tissue, and both morphologically and 
physiologically comparable to the simple axial stele of the Psilotales, or 
that of the earliest stages of such a fern as Ophioglossitm, 

Fig. a shows an unusually interesting case. The stoutish, somewhat 
distorted green basal region, some 4 cm. in length, terminates abruptly in 
the apparently normal open capsule, with its two valves and slender 
columella. 

Fig. 4, A, B, shows two sections of this specimen made near the base. 
No lacuna is present, and although there is a considerable development of 
archesporial tissue it is abnormal in appearance, and it is very unlikely that 
any spores would be formed. The condition in this plant, as regards the 
sporogenoiis tissue, is transitional between the normal spore formation, 
shown in Fig. 3, B, and the complete abortion of the sporogenoiis tissue, 
shown in Fig. 4, C, and Fig. 5. 

Fig. 5 shows cross and longitudinal sections of the thickest sporophyte 
that was examined. This was about one millimetre in, diameter, and, 
except for a few scattered and quite disorganized sporogenoiis cells in con¬ 
tact with the very conspicuous central columella, was composed entirely of 
vegetative tissue. The columella is quite twice the diameter of those 
■ specimens in which a lacuna and normal spores were formed in the basal 
region (see Fig. 3? b). ' . • 


The Foot. 

'The foot of the enlarged .sporophytes shows an increase in size com- 
'pared'.with that of. the. normal sporophyte. ' In the latter, the bulbous 
Foot, (Fig., 6 , a) has' a superficial layer of-short, rhizoid-like absorbingxells 
(Fig. 6, d), and there -iS'n,o: -essential .structural difference .to be,noted' in the 
foot of the enlarged sporophytes. ' The's'ize of the foot is correlated',with the' 
amount of vegetative tissue in the’.’rest of the sporophyte. , Where.''this,:is: 
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Fig. 6, a. Outline of the foot of a normal sporophyte. B. Foot of one of the less developed 
of the larger sporophytes, having lacuna and normal spores, c. Foot from a larger specimen. 
D, Superficial ihizoicl-like cells of A. x 3S0. A-c x about 60. 


A. 


S. 
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relatively small, owing to the presence of a lacuna and normal spore- 
production^ the foot is only slightly larger than in the normal sporophyte 
(Fig. 6, b) ; but in the larger sporophytes the increase in size is very marked 
(Fig* 6, I) ; Fig. 7). In the largest specimens^hat were examined (Fig. 7, a), 
not only was the foot very much enlarged, but the lower surface was 
almost completely exposed, due apparently to the disorganization of the 
adjacent gametophytic tissue. It is very probable that the foot in this case 
could absorb water from below without the intervention of the gameto¬ 
phytic tissues, thus rendering the sporophyte nearly or quite independent. 

Fig. 7, B, shows an interesting case where there was a conspicuous 
protuberance growing from the lower surface of the foot, suggesting a root¬ 
like organ. 

In most of the largest specimens examined^ the gametophytic tissues in 
contact with the base of the sporophyte were discoloured and more or less 
collapsed, and it seems very likely that these large sporophytes had become 
practically independent of the gametophyte, and reached a condition com¬ 
parable to that of the young Pteridophyte after it has established its first 
root As will be seen from Fig. i,4he gametophyte is very small com¬ 
pared to the greatly developed sporophyte. 

Evolution of the Sporophyte of the Anthocerotaceae. 

The Anthocerotaceae offer a most interesting case of the progressive 
specialization of the sporophyte within a single order. Notothylas 
(Fig. 8, c), whose sporophyte is usually only i-a mm. in length, shows 
a comparatively large amount of sporogenous tissue, with a small columella ; 
in Dendroceros, in which the sporophyte may reach a length of about a centi¬ 
metre, the sporogenous layer, except at the apex,, is but a single layer of 
cells. The sporogenous tissue is least developed relatively in the typical 
species of Antkoceros,vl\\tm the'sporophyte, as we have seen,'reaches its 
maximum development. Rivalling Anthoceros in the size of the sporophyte, 
but'with a much greater development of the sporogenous tissue "and an, 
'absence of stomata, is the genus Megaceros (Fig. 8, B), 

/ ■ In Anthoceros^ as a rule, the archesporium ■ throughout is single 
layered;, but, in ai common' Califorma. species, A: Pearsoui^ it .is two- 
'.'layered/' in which respect, as .well as in a not infrequent doubling of the 
chromatophores in the gametophyte, there is a suggestion of Megaceros. 

' ./Tn'both Notothylas and Megaceros theincreased amount of sporogenous 
tEsue in the apical region is worthy of note. 

'/ That tliC', normal' sporophyte of Anthoceros nearly approaches 

a condition/'of dndependence'than.'is-known elsewhere among the 'Bryb* 

' ■ ^ Cara|>,be'll,,,D.. H. Mosses and Ferns, 2nd edition, Fig. 73,;' ■, ' 
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pliytes has long* been recognized; and the writer has from time to time 
made experiments to demonstrate how far they could be kept alive when 
severed as completely as possible from the gametophyte. While it cannot 
be said that any of these experiments were conclusive, it was nevertheless 
possible, by carefully cutting out the young sporophytes from the gameto- 
phyte and planting them in sterilized earth, to keep them alive for a con¬ 
siderable period—in several instances for three months. They made very 
little growth, but ripened perfectly normal spores in a number of cases. 

The specimens from Carmel, however, show that under certain coiidi- 



Fig. S. a. Section of very young sporophyte of Anthoceros Pearsoni^ Howe. B. Apex of 
a somewhat older sporophyte of Megaceros Tjihodensis^ Campbell, c. Young sporophyte of Nolo- 
thylas orbicularh. The sporogenous tissue is shaded, 

tions the sporophyte of Aiithocerosfusiformis may become nearly or quite 
independent of the gametophyte, and thus approximate very closely to the 
hypothetical ancestors of the Pteridophytes. 

Comparison with the Rhy^niaceae. 

Perhaps the most interesting fact revealed by a study of these peculiar 
sporophytes of Ant/ioceras is the extraordinary resemblance they bear to 
what are supposed to be the oldest known vascular plants. 

The discovery of Kidston and Lang,^ in the Lower Devonian of 
Scotland, of most perfectly petrified remains of vascular plants of extreme 
simplicity, Rkynia and Hornea^ must rank as one of the most important in 
the history of palaeobotany. 

The structure of these plants was pi*eserved in a most perfect condi» 
tion, as is sufficiently evident from the beautiful micro-photographs illus¬ 
trating'the memoirs. ' 

^ Transactions' of the'Royal Society, Edinburgh, voL.lij pt. iii, 76 i -,83 (1917); 'i'bi'tl.,: woL Hi, 
pt iii, pp. 6 q'3-»2 7 (1930). ■' ' 
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They were slender leafless plants of small size, some specimetis of 
Rhynia Gwynne- Vaughni hardly exceeding in size the largest specimens of 
Antkoceros. They grew close together in a manner suggesting the crowded 
sporopliytes of Anthoceros fusiformis^ the upright shoots arising from 
slender braiicliiiig rhizomes. Some of the shoots were only a millimetre 10 
diameter. A larger species, R. major, had stems up to six millimetres in 
diameter. 

The shoot may be sparingly branched dichotomoiisly, and in 
R. Gwymie-Vaughni has small protuberances which may develop into 
adventitious branches; but in R, major and Hornea the surface of the 
shoot is quite smooth, as in Anthoceros, 

The cylindrical stem had an axial stele composed of a core of traclieary 
tissue surrounded by undifferentiated phloem, the rest of the stem being 
composed of (probably chlorophyllous) parenchyma, the transverse section, 
except for the tracheides of the stele, being almost identical with that of 
the largest of the Anthoceros sporophytes. In the smallest specimens of 
Givynne- Vmighni the central tracheides were only one or two, seen in 
cross-section* 

The shoot in both Rhynia and Hornea terminated in a single spoian- 
gium, that of the former elongated and pointed, and very suggestive of 
Anthoceros* In Hornea it was shorter, and the sporogenous tissue formed 
a thick dome-shaped layer surrounding a short columella, as in Sphagnum, 
but it also suggests the apical region in Notothylas or Megaceros, (See 
Fig. 8.) 

The rhizome in Hornea is a massive lobed body which has been com¬ 
pared to the *protocorm’ of some species of Lycopodium, but is very 
suggestive of such a lobed foot of Anthoceros as that shown in hig. 7 i» 
Unlike the root-like rhizome of Rhynia the ‘protocorm’ of Hornea is com¬ 
posed entirely of parenchyma, and’ is structurally identical with the foot of 
Anthoceros, 

■ ' While Kidston and Lang recognize the obvious resemblances between 
Anthoceros and these ancient Pteridophytes, they hesitate to accept a real 
; ' 'relationship between them* 

Plowever, in view of the extraordinarily close resemblances , of the 
large sporophytes of Anthoceros discussed in the present paper, it seems to 
'-■ the writer that we are justified in assuming, a derivation of the Rhyniaceae 
’'" . 'either ' directly from . Anthocerotaceae or from forms ■ closely, related to 
; them.;',. 

Conclusion. ' 

That "the sporophyte of Anthdceros fusiformis cm under certain cottdL 
tions become practically independent is -amply shown by the behaviour of 
the plants under consideration; and the ability of' these plants Ho develop 
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photosynthetic and conducting tissues commensurate with their needs is 
extremely significant. 

Wheiij moreover, it is found that the earliest known Pteridophytes can 
be directly compared with existing Anthocerotaceae, we may fairly conclude 
that the behaviour of these remarkable plants of A, fusiformis is a very 
strong argument in favour of the theory that the sporophytes of the 
Pteridophytes are directly derived from those of Anthoceros-Y^^ ancestors. 


Stanford University, 
Caxtfornia. 




On a New Species of Tempskya from Montana: 
Tempskya Knowltoni, sp. nov. 


BV 

A. C. SEWARD, D.Sc., F.R.S. 

With Plates XVI and XVII and three Figures in the Text. 

I N September 1922 I received from my friend Dr. F. H. Knowlton, of 
the United States Geological Survey, an exceptionally well-preserved 
specimen of the problematical genus Tempskya^ a Fern characteristic of 
certain Lower Cretaceous floras. He very generously invited me to under¬ 
take its examination and description: an invitation which I gratefully 
accepted. The fossil (Fig. i, PL XVI) was found in 1908 by Mr. Albert C. 
Silberling in the Musselshell valley about 10 miles south-east of Harlow- 
town, Montana, and regarded by him as a caudal spine of Stegosaurus. 
A reference to the photograph, reproduced rather less than natural size in 
Fig. I, enables one to sympathize with the collector’s mistake. There Is 
some uncertainty as to the exact geological horizon: it is either from the 
upper part of the Kootanie formation or from the lower part of the Colorado 
group. * It is certainly Dr. Knowlton tells me, ‘one or the other, and is 
probably Kootanie.' 

The Kootanie formation,^ which was named by the late Dr. G. M, 
Dawson^ in 1885 after a tribe of Indians, is represented over an area of 
about 3,000 square miles along the axis of the Rocky Mountains in Alberta 
and British Columbia ; it occurs also in Montana and Wyoming. The 
strata are of freshwater origin and have yielded over eighty species of 
plants which do not include any Angiosperms.^ The Kootanie flora agrees 
closely with the oldest Cretaceous floras of Europe, especially with those 
frequently spoken of as Wealden. Several Kootanie plants are represented 
by identical or closely allied species in the oldest Cretaceous flora of 
Greenland. 

r Pirsson and Scliiichert ( 1920 ), p. 877; Berry (1911), p. 118, for lists of plants and references 
■ to literature. ' 

2"Dawson '(I 8 S 5 ) , p., 2 '; see also War'd (1905), p. 277 . 

3 'Berry ( 1911 ), p. iiS. ' ' 

■ iAnEals of Botany* Voi. XXXVUI. No. cm. July, I9a4d 
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The genus Tempskya was founded by Corda^' on material obtained 
from different sources^ but none of it was collected irt situ. The specinieh 
from which the type-species, Tempskyapukhra, was described was discovered 
by F. Tempsky in a boulder in the valley of the lUbe, which, Corda stated, 
probably came from Neupaka in Bohemia. The author of the genus 
described four species, all of which may have come from Lower Cretaceous 
rocks in Bohemia. Tempskya^ as described b}^ Corda, stands for stem-like 
masses of petrified roots enclosing among them larger axes referred by him 
to petioles ; it was identified as a herbaceous Fern. We are familiar with 
some of the anatomical characters of the stems and petioles, but so far it 
has not been possible to connect the petioles with any of the known species 
of Lower Cretaceous fronds preserved as impressions. 

The most complete account of the anatomy and habit of this genus of 
Ferns is by Dr. Kidston and the late Prof. Gwynne-Vaughan,^ who described 
a new species, Tempskya rossica, from a conglomerate of supposed Tertiary 
age in the basin of the Karaganda river, Russia. It is probable, one would 
suppose, that the Tempskya was derived from some older formation. In 
this important paper the authors made many additions to previous know¬ 
ledge, and showed that in Tempskya we have a collection of slender 
solenostelic stems associated, without any regularity of disposition, with an 
enclosing plexus of roots. The larger axes, interpreted by Corda as petioles 
and by some authors as larger roots, are how known to be stems bearing 
crowded petioles represented by meristeles of a horseshoe form enclosed 
within the tissues of the parent stem. Only one free petiole was found in 
the Russian specimen. Kidston and Gwynne-Vaughan describe the aggre¬ 
gate of roots and stems as a false stem which was ‘ probably more or less 
conical and narrowing upwards. At the top of the false stem the individual 
axes it contained must have stood out separately, though the lower portion 
of each individual axis no doubt possessed its own coating of adventitious 
roots/ A restoration of A rossica drawn by these authors was subse^ 
quently reproduced by Dr. Marie Stopes/^ who^ also gave a resnmi of the 
specific characteias. 

In view of the fact that the literature on has been summarized. 

" by more than one author^ references are given here only to a selected 
ntimber of published papers. In i’8a4 a weathered' piece of stem from, the 
' Wealden beds, of Tilgate Forest in Sussex was figured in a paper' drawn up 
by, the-Secretaries of the Geological, Society'of London, Messrs. Stokes and 
,, .'Webb/^ apparently based on a contribution by Mr. MantelL , In' the 
,'Explanation,'.ofPlates’' the specimen is mamed .Endogenites ■erasa, the 
■generic name being selected'beca,use of the superficial'resemblance nf 'the' 

'Corda'''(184 ■ *'Xidston and Gwyime-Vatighan'(l911)»''' 

■;.®,Slopes (W . * Seward (1894), p. 148 ; StopeB, loe. d't, 

\,®',',Stokes'and'Webb (1824)'.//^ 
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matted roots to the scattered bundles of a Monocotyledonous stem. In 1836 
h ittoii recorded the occurrence of numerous examples of Endogenites erosa 
ill Wealden beds near Hastings, and spoke of one specimen as 9 ft. longj 
12 in. broad in the middle, and 4 in. thick. In 1845 linger^ renamed the 
English fossils Proiopteris erosa, but later he believed them to be identical 
with Tempskya Schimperi, Cord. This designation has generally been 
adopted for the various examples of Tempskya from England, North 
Germany, and Bohemia ; but, as Dr. Slopes has reminded us, the English 
specimens, at least, should be designated Tempskya erosa, Schenk^ figured 
an imperfectly petrified specimen from the Wealden of North Germany, and 
interpreted the larger groups of vascular tissue associated with the roots, 
which we now know to be soleoosteles, as portions of the vascular system of 
a Marattiaceous stem. Velenovsky^ discussed at length the nature of the 
genus and described specimens from the Perucer (Lower Cretaceous) beds 
of Bohemia. In 1911 Mr. Berry ^ spoke of Tempskya material as abundant 
but poorly preserved in the Potomac beds of Maryland : he briefly described 
some portions of a large stem nearly 40 cm. long as a new species, Tempskya 
Wkitei, but from the illustrations and preliminary account it is not clear on 
wdiat distinguishing characters the species is founded. It is by no means 
unlikely that Berry’s species is identical vvith the Montana plant. Kidston 
and Gwynne-Vaughan, whose account of the genus is based on excellent 
material, do not commit themselves to a definite statement on the affinity of 
this Cretaceous Fern. In a section of a Tempskya stem, probably T, erosa 
(the preservation is very incomplete), from the Wealden beds of Hastings 
Dr. Boodle ® found a cluster of 200-300 spores associated with the adventi¬ 
tious roots. The spores were compared with those of the recent Schizaea*’ 
ceous Fern Trochopieris elegans (= Afieimia elegans) and with some other 
living species: Dr- Boodle wrote, ^ Though this type of spore-thickening is 
uncommon, it occurs in plants that do not seem to be nearly related to one 
another; and therefore the resemblance to Aneimia in spore-structure is 
insufficient, without the evidence bf sporangial character, for referring the 
fossil spores to the neighbourhood of Schizaeaceae a The preservation of 
the spore clusters among the matted roots does not necessarily imply that 
they were borne on the fronds of a Tempskya. The root shown in Fig. 21, 
PI XVII, is an illustration of the preservation of a foreign body in the false 
stem of this genus. In one of the sections described by Dr, Boodle, for the 
loan of which l am indebted to Prof, Farmer, t noticed that one of the groups 
of spores presents the appearance of a cQllectioh of sporangia, the walls of 
which are represented by dark rods derived from cell-contents* It is, how¬ 
ever, impossible to' make out the nature.of the■ sporangia*' 'The, Abbd 

:U'pger,(1845),.p.„io7v ' ■ ^,^Schenk(X87X), Plates 

^ Vetooysky (3.88.$), p* ^ Berry (X91X), p, 39 $, XXXVIJ, XXXV'III* ' ■ 

■ « Boodle 

% k ■ 
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Carpentier has recent!}^ recorded the occurrence of pieces of the false stem 
of a Teptpskya (rom Glageon in the north of France : some of the specimens 
reach a length of nearly ao cm. with a maximum diameter of 15*0 cm. 
The fossils, which were found in a bed of clay that is in part derived from 
Wealden strata, are said to be very similar to T. Schimperi and 1 \ Wkitei* 
A sketch accompanying the description shows two branching solenosteles 
and the usual mass of roots. The French material does not furnish any 
fresh evidence of affinity. 

Description of the Specimen. 

Fig. I, PL XVI, shows the fossil as it was discovered: it is 33*5 cm. long; 
ill the broadest part the major diameter is 6-5 cm. and at the obliquely 
fractured lower end i\5 cm. The elliptical form in section may be due to 
slight compression. The surface appears to be waterwoni; innumerable 
sinuous roots are represented by grooves about i mm. broad (Figs, i and 3, 
PL XVI), and occasional broader grooves, s,, mark the position of stems. 
Scattered among the overwhelming roots are slender, dichotomously 
branched, solenostelic stems (Fig. 9, PI. XVI), ^-4 mm. in diameter,in each of 
which are usually two meristeles at different stages of development passing 
through the cortex or circumscribed by the tissues of a half-detached leaf- 
base (Figs. 10, la, PL XVI; Fig. 25, PL XVII). The term * false stemL used 
by Kidston and Gwynne-Vaiighan in their account of Tempskya rossica^ may 
appropriately be adopted on the ground that the specimen consists not of a 
single axis with a central vascular cylinder, but of a number of apparently 
independent axes, some connected with one another as twin branches of a 
dichotomy, others pursuing their own course and subdividing as they grew. 

The preservation is on the whole remarkably good and in places almost 
perfect. Many of the cells contain dark contents which may well have been 
formed from starch, and in others the lumen is occupied by a froth-like 
reticulum. 

' Text-fig. I shows the approximate position of the transverse and 
longitudinal sections which have been examined. The small piece (6*5 cm. 
long) retained by Dr. Knowlton is indicated by the broken lines: a trans¬ 
verse, section from this region was unfortunately broken in the post. There 
is no doubt that the narrow end is the oldest portion ; the stems embedded 
,,in'the'enveloping roots increase in number as one''passes towards the 
; broader end,' .and this: is, in part at least, due to their repeated dichotomy, 
as' : a "Comparison: of adjacent " sections clearly demonstrates. '. There is 
'a'certain regularity in the, orientation of the O'Utgoing petioles in relation' 
': ;',to::'the'/Stems'.:," /.In ,'Text-fi'g.;''','':i&', which, is' a'diagrammatic sketch''of the .section'' 

f Carpentier (1823). 
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reproduced in Fig. 9, PL XVI, the direction of the straight lines drawn from 
several stems shows that the leaves are in the main on the upper side of the 
stems, or, at least, that they are not given off on all sides* As in the Russian 
species, Tempskya rossica^ there is a definite dorsiventrality ; roots emerge 
from the stems opposite the leaves (Text-fig. a.R ; Fig. 12, R, PL XVI), but 
in the American species the disposition of the dorsiventral stems is much 
more regular in relation to the position of the leaves and 
roots than in the Russian species. 

The lowest section, i (1*3 x i cm.), includes only f 
a single, very imperfectly preserved stem, and this was j 
no doubt in a half-decayed state when petrifaction xiT.xi.x yj 

occurred. The rest of the section consists of a crowded 11 y 

mass of roots, most of which are in a more or less dis- ; < 

organized condition ; in a few the xylem strand is well ; 

preserved, but in many the inner sclerenchymatous cortex - j 

encloses a central space from which the xylem has / 

disappeared and has been replaced by a group of dark, / 

oval bodies, possibly coprolites of some wood-boring / 

organism (Fig. 24, PL XVII). The central region of some j 

roots is occupied by a fine reticulum of dark lines on a 
light yellow ground simulating delicate parenchyma. „ / 

Frequently, even in roots which have lost the xylem / ^ 

strand, the suberized endodermal membranes remain as a 
partially collapsed ring (Figs. 18,19, PI. XVII). The - t 
resistance to decay of the endodermis is interesting in xvi. 
relation to the recent work of Prof. Priestley^ and the Text-fig. i. Dm- 

, . n -f/- 1 gram of the false stem 

observations of Prof. Bower.^ Photographs of roots show- of Tempskya Km%vi- 

ing the central region occupied by dark oval bodies and Approximate aces 
a delicate reticulum have already been published.^ where sections were 

In section ii (2*2 x 1*5 cm.) there are portions of 
two stems and, in addition, an imperfectly preserved 
and broken piece of dark sclerenchymatous tissue connected with two 
vascular ribs, m., which suggest the bifurcation of a leaf-axis (Fig. 6, 
PL XVI). It is noteworthy that in section i, and also in sections iii and 
iv, none of the stems are in a state of preservation which suggests the petri¬ 
faction of recently dead or of living organs. 

In section iv there are four partially destroyed stems and a detached 
petiole. The larger section, v (5*5 x 3-8 cm.), includes about thirteen trans- 
versely cut stems. The majority of the stems show, in addition to remains 
of stelar tissue, one or two meristeles which, though not absolutely constant 
' in their' relation tO' the steles,, exhibit a' distinct tendency tO'Wards the' upper 


Priestley and North (1822). 

Seward, (1828),'Plate XT, Figs. 1 - 3 . 


2 Bower (1823), p* 1 S 6 . 
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surface of the mother-stem. In this section two of the stems have their 
tissues well preserved and give the impression of preservation before decay 
had begun: the others are usually broken and invaded by roots. The 
preservation of section vi is inferior to that of section v. In section vii 
there are over 20 stems, and, as in section v, many of them are forking. 
Section vii is reproduced in Fig. 9, PL XVI; it is4‘a x 5*”X cm. in size. There 
are at least 24 stems or portions of stems scattered through the matrix 
of roots, and many of them are either forking or have recently branched. 
The diagrammatic sketch (Text-fig. 2) shows the position of the recogniz¬ 
able stems. Stem 14 is the only one which has its tissues intact and is free 



Text-FIG. 2, 7'e7npsk}fa KnowOomn Dingram of the section reproduced in Fig. 9, PI. XVI, showing 
the distribution of stems and the direction in which the leaves are being given oil 

from invading' roots: nearly all the others are more or less broken,, their 
internal tissues having been disrupted by burrowing roots. Stem 14 must 
have been petrified .very soon after the death of the plant, while practically 
all the others liad undergone considerable decay. The orientation of the 
petioles, as shown by the curve of the meristeles in stems that are,not 
too much,,disorganized to afford the necessary data^ is indicated by the 
.straight lines.' ,'Roots, R., are. seen emerging from the outer cortex in 
several of the stems, and one root is seen at R in Fig, 12, PI XVL' Stems 
,1- 'to'4 are badly broken and very.imperfectly preserved. The preservation 
of 'stem',5 is fairly,good, but its-tissues have been, invaded by roots. Stem 6. 
is als.O' much broken and. includes,several roots. Stem 7 is partially divided 
.into.two equal branches, and on.'the left-hand lower, edge a root is being' 
given'.off ';"the preservation ofThe'tissues is,, very .incomplete. ,, A ."further. 
','.sta''ge in' dichotomy is. seen'in ’stem '8; there are 'several,,, invading roots: 
'Within the„',oiit'er',cortex,'and the steles; are .broken: a root 'is 'Scen on the 
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lower left-hand side. The dark patch of disorganized tissue, 9, may be the 
remains of a stem. Two roots are attached to the surface of stem lo^ which 
is much broken. Portions of the xylem of stem ii are preserved and roots 
are emerging from the middle of the lower surface. The preservation of 
stems 12 and 13 is very imperfect and the tissues have been largely replaced 
by roots. Stem 14 is shown on a larger scale in Fig. 10, PI. XVL Stems 153 
16, 17, are very incomplete. In stem 18 the stele is fairly well preserved, 
but invading roots are present. In stem 19 are also many 
roots. Stems 20, 22, 23, 24, are crushed and imperfectly 
preserved. A petiole only is seen in 21. 

Though generally cut transversely the roots are occa¬ 
sionally seen in longitudinal section. 

A comparison of the stems seen in section vii with those 
in section viii shows that dichotomy has been completed or 
advanced a stage farther. Stems i and 2 are both very 
imperfectly preserved, but they show signs of forking. Stem 7 
is represented by two distinct branches, also stem 8. Stem 14 
is divided into equal branches (Fig. 12, PI. XVI). Stems 17 
and sg are dividing. In section ix there is only one stem 
among about thirty in which the preservation is at all complete. 

Thus it would seem that in the elongated, obconical 
specimen there are enclosed several repeatedly forked stems, 
most of which were in a partially decayed state at the time 
of petrifaction, giving off two rows of leaves alternately right k.J^ oration^"* of 
and left and, within certain limits, similarly orientated. The part of a stem 
possibility of some of the dead stems having been displaced 
miist be recognized, but the evidence is in favour of a certain \ystratmg the 

, . r * - r 1 r 1.1 * dichotomous 

regularity of disposition 01 the fronds which suggests an branching and 
obliquely ascending and in part subterranean axis rather than ^^Uiealbases 
a vertical column. In Text-fig. 3 an attempt is made to and roots, 
illustrate the external morphology of a stem : only a few leaf- 
bases are shown, and for the sake of clearness the roots are omitted, with, 
the exception of two at the lower end. There is no indication of an absciss 
layer having been formed in the petioles. 

Before discussing the affinity of Tempskya we must consider more 
fully the structure of the stems, leaf-bases, and roots. In its morphological 
features the Montana specimen agrees generally both with Tempskya Wkitei 
and the European forms, but its superior preservation distinguishes it from 
all previously described representatives of the genus save T. rossica^ 
a species from which it is distinguished by certain features which may or 
may not be worthy of specific rank. I venture to name the specimen after 
my fiiend "Dr, F. H. Knowlton, whose' researches have played a conspicuous ■ 
part in the advancment of palaeobotanical science. 
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Stems. 

The distribution of the stems and the orientation of the leaf-bases are 
shown ill Text-fig. a (= section vii) and in Fig. 9, PL XVL Figs. 1:0 and 12, 
PL XVI5 show successive stages in the dichotomy of stem 14 of Text-fig. a. 

The xylem of the solenostcle appears to consist entirely of scalariform 
tracheides without any associated parenchyma; there are no recognizable 
protoxylem strands (Fig, izo, PL XVII). Occasionally on the outer edge of 
the xylem ring there are smaller tracheides, like those described in Tempskya 
rossica, some of which are connected with the origin of roots. It is 
impossible to recognize the precise limits of the phloem, pericycle, and 
endodermis. The greater part of the outer ground-tissue of the stem 
consists of thick sclerous elements, and internal to this is a zone of tliin- 
walled tissue characterized by the presence of black, spherical cell-contents. 
The centre of the stem is occupied by a mass of sclerous tissue with dark 
contents ; the outer boundary of this central tissue is marked by a deposit 
of brown material which forms a conspicuous dark band in the sections 
(Fig, 10,.?, PL XVI; Fig. PL XVII). 

The broad and flat-arched meristele is represented by a band of xylem 
much narrower than that of the solenostcle; the ends are expanded, but 
most of the arch is very narrow and in places may be reduced to a single 
tracheide in breadth (Figs. 14, 2,6^ PL XVII). The concavity of the petiolar 
strand is occupied by an extension of the central scierenchyma of the main 
stele. The meristele is concentric : a group of protoxylem is seen at px%^ 
Fig. iz6, PL XVII, and there are indications of two or three similar groups 
on the inner edge of the arch. The petiole shown in Fig. 14^ PL XVII (its 
longest diameter is mm.), is still attached to a broken stem penetrated 
by roots. A band of dark tissue, which has not reached its full develop¬ 
ment, connects the two broad ends of the black, ,U-shaped outer cortex. 
Next the black outer cortex is a zone of thinner-walled tissue with black balls 
in the cells as in the corresponding tmue in the stem (Fig. 13, PI. XVI; 
Fig. PL XVII), and on the inner boundary of this part of the cortex 

the'cells have thicker walls and are partially obscured by irregular patches 
of a brown substance (the black band enclosing the vascular strand in Figs. 14 
and PL XVII). Next to the cells with brown patches is a layer of regular, 
flat cells, probably the endodermis, and between this layer and the xylem are 
some; thin-walled elements representing phloeniandpericycle. The central 
scierenchyma shows beautifully preserved pit-canals. , Fig. 6, PL XVI, shows 
two meristeles, w., enclosed in a' common, broken band of dark cortex : ■ this 
may be a bifurcating' rachiS ' or possibly 'part of a stem with twO' leaf-traces,,, 
the stele and most ofthe ground-tissue havingbeen replaced byinvading roots*,. 
Several' longitudinal; sections were -cut between' the "transverse sectio'ns 
V and yi":,"the'position of these and others is' shown in* Text-fig. i„. ^My 




Temp sky a Knozvltoni, sp. nov. 493 

thanks are due to Mr« Hemingway for the care and skill with which lie 
made preparations on which this account is based. 

The leaves are given off at frequent intervals, their bases being con¬ 
tiguous (Figs. II, 13, PL XVI}. In the section reproduced in Fig. ii two 
leaf-bases on the right are cut at different levels; and it is noteworthy that 
at the base of the lower petiole, p', where it joins the stem, the outer scleren- 
chyma appears to form a thick pad, S, a feature probably connected with 
mechanical requirements. At the apex of the longitudinal section repro¬ 
duced in Fig. 13, PI. XVI, the outer sclerenchyma forms a dome—no doubt 
because the section is not median in this region—and above this, not shown 
in the photograph, is a strip of parenchymatous tissue which may be part of 
a ramental scale ; but its nature is doubtful. No ramenta have been recog¬ 
nized with certainty. Internal to the dark, outer cortex is a lighter band,f.^,, 
of thin-walled cells containing black, spherical balls, possibly formed from 
starch (cf. Figs. 20, 26, PL XVII). 

Within the inner cortex, is the darker stelar region enclosing 
a broken patch of central sclerenchyma. On the right-hand side of Fig. 13, 
PL XVI, are the contiguous bases of three leaves with some invading roots 
between them and the stele. 

Fig. 2, PL XVI, shows part of a longitudinal section of a stem. The 
outermost tissue consists of elongated, sclerous cells with dark contents pass¬ 
ing gradually into thinner-walled and shorter cells of the inner cortex. A 
space in the inner cortex is filled with dark brown, oval bodies uniform in size 
and too large to be merely released cell-contents. The darker patch in the 
middle of the upper edge of the photograph is due to the occurrence of cells 
with frothy contents surrounding the xylem of the stele, which is not 
included in the figure. 

The stem near the centre of Fig. 9, PL XVI (Text-fig. 2, stem 14), is 
shown in Fig. 10, PL XVI; its longest diameter is 6 mm. The tracheides 
in the middle of the upper side of the right-hand stele are in oblique longi¬ 
tudinal section as if preparing to form a leaf-trace. Above is a leaf-base 
with a complete meristele. The stele on the left has one arm of a meristele 
still attached to it on the right-hand side of the foliar gap, and farther 
to the left the frojecting point of the central ground-tissue indicates an 
early stage in the formation of another leaf-trace. Along the outer edge of 
the central sclerenchyma is a dark band, a, composed of cells with irregular, 
patches of brown material (cf. Fig. 20, a, PL XVII) ;■ this is , succeeded by a: 
apace containing remains of delicate tissue with dark cell-contents." The' 
xylem, without any protoxylem groups, is about nine or ten elements broad : 
some of the tracheides have dark contents, but no definite proof of associated 
parenchyma, has ' been ■ discovered. Fig. , 20 shows part of the," xylem; 
cylinder in''another stem with some"'of the inner cortex, oe; the,', onto 
'face. ' Fig,. 12,' PL XVI, shows, a further stage.'in the bifurcation of the stem 



494 Sezvard — Oi'i a Meza Species of Tempskya f rom Moniama: 

seen in Fig. lo, PL XVI, The separate stems are 3 and 3*5 mm. in 
diameter. On the right-hand side,, at R, a root is emerging from the outer 
cortex. All outgoing meristele is seen as a loop on the upper .surface 
of the riglit-liaiid stele and a petiole-base on the left. The thin-walled 
inner cortex forms a dark band external to the lighter xyleni and is sepa¬ 
rated by a space from the thick outer cortex. The oilier stem shows a 
loop-like meristele to the right and above it a leaf-base ; to the left is a 
third meristele. 

Roots, 

By far the greater part of the specimen consists of a mass of branching 
and burrowing roots usually, though by no means invariably, following 
a vertical course; a few here and there are seen emerging from stems, but 
the majority occur as apparently independent organs invading in their 
course the tissues of stems and petioles. Fig. 2^5, PI. XVII, shows a stem 
in which roots have replaced the tissues of the stele and form a ring be¬ 
tween the central ground-tissue and the partially destroyed inner cortex. 

The contrast between the large number of roots without any visible con¬ 
nexion with their mother-organs and the small number of which the origin is 
demonstrated is remarkable. Most of them must have come from stems 
or leaf-bases that are unrepresented in the specimen. 

All the roots are cliarch and about t mm. in diameter, or rather 
larger; the xylem strand, with two or three large tracheides in the centre/ 
is usually surrounded by a space where the phloem and pericycle have been 
replaced by clear silica, and the tracheides are often encircled by a highly 
resistant brown ring of endoclermal cell-walls (Figs. 17-19, PL XVI I). It is 
interesting, in relation to the discussion on the affinity of Tempskya^ to note 
the occurrence of a very distinct suberized endodermis in the roots of Aneinmi 
adiantifolia^ very similar to that in the roots of the fossil Some roots have 
lost the xylem, and the centre is occupied by a group of dark' brown bodies 
that may be coprolites of a small insect or, in some cases, possibly escaped 
eelhcontents. Entomologists whom I have consulted, have not been able to 
ide,ntify'the oval bodies with the activities of any known boring animal: no 
trace of any insect has been discovered. Attention .has%lsewhere ^ been 
called,',, to,'the' resemblance of, these bodies to the supposed coprolites 
frequently found in tissues of,Carboniferous plants. They are certainly not 
'■spores, ■ but,consist of finely comminuted plant-debris or dark rnasses, of 
rounded cell-contents.' ' Part of'a.branched root, is seen in Pig. 1^4, PL XVII, 
cut through'the sclerotic'cortex, the cells'of whichshowpit-canals very clearly. 
,'■: The ,central region of'both,, the main root.,and the ,branch'is occupied, by 
,'■, similar dark bodies,,, but'in,the lateral'root, these'are uniformly smaller.,■ lu' 
'Vs.dme filled 'W'ith a 'fine'reticulum of delicate' lines' siimi- 

'"'■1 ’Sewa'rd':(' 1823 ).', , ' '■ 
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lating parenchyma, though undoubtedly of mineral origin and the result 
of secondary. cr3.^stalization. . 

A broad parenchymatous cortex of sclerotic cells is usually well 
preserved (Figs, 7,17, PL XVI; Fig. 19, PL XVII), the thick walls penetrated 
by pit-canals. Less frequently an outer cortex of thin-walled, large cells is 
also preserved (Fig. 7, PL XVI; Fig. 19, PL XVII). The outer cortex is 
limited on the outside by two or three layers of rather smaller and stouter 
cells (Figs. 17, 19, PL XVII), and it is these superficial cells which are 
often seen as a loose sheath round the more resistant inner cortex or as 
loops between adjacent roots, as in Fig, 6, PL XVI; Figs. 17, PL XVII). 
No root-hairs have been detected, but in some sections of the English 
Tempskya erosa well-preserved hairs are a striking feature. The irregular 
contour of the outer cortex, seen in Fig. 7, PL XVI, is not an original feature; 
it is the result of unequal compression and distortion of the yielding tissue 
by the pressure of neighbouring roots. In Fig. 15, PL XVII, a lateral root 
is seen on its way through the sclerous cortex of the parent axis. Beyond 
the lower limit of the photograph the section cuts obliquely the xylem 
of the main root. The xylem of the lateral root is diarch and contains 
more tracheides than the roots shown in Figs. 17-19, PL XVII, In his de¬ 
scription of the roots of Aneimia phylliiidis, Boodle^ states that the base of 
the root-stele in the stem cortex is diarch, but the middle region of the xylem- 
plate is occupied by numerous irregularly placed tracheides, a description 
which is applicable to the lateral root seen in Fig. 15, PL XVIL 

The immature root, a part of which is reproduced in Fig. 23, PL XVII, 
is a striking illustration of the excellent preservation of delicate tissue. Two 
protoxylem groups are clearly seen, and even at this early stage of develop¬ 
ment the position of the partially suberized endodermis, is indicated by 
a series of dark, radially disposed cell-walls in sharp contrast to the more 
delicate and crushed membranes of other elements. The recognition of 
dark, presumably suberized, walls in the endodermal layer of this and other 
very young roots of Tempskya confirms Boweris statement that in roots the 
first indications of the characteristic features of the endodermis ‘coincides 
very nearly with the appearance of the first tracheides In the root shown 
in Fig. 23, PL XVII, the inner cortex is not completely thickened, and outside 
the region reproduced the broad outer cortex is clearly preserved. In older 
roots the endodermal walls are completely suberized and dark brown in colour; 
this is shown in the oblique section reproduced in Fig. 18, e,, PL XVIL 

2 Bower (1923), p. 187 . 


^ Boodle (1901), p. 385 . 
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' Other Plant Organs and Tissues associated with the 
Stems and Roots of Tempskya. 

L Annuli of Fern Sporangia, 

Figs. 5 and 85 PI. XVL The groups of thick-walled cells shown in 
these figures occur among the roots of the false stem. In Fig, 8, PL XVI, 
between ao and 30 cells are arranged as a circle enclosing a central area in 
which it is impossible to make out the structure with certainty, but there 
are indications of small ceils ; the cells of the ring have dark brown, thick 
walls rounded at the distal ends and lying in a slightly oblique position. The 
diameter of the ring is 0*34 mm. Fig. 5, PI. XVI, shows similar cells resem- 
bling an annulus that has been partially unrolled: the length is 0-47 mm. 
It is probable that in these groups we have apical annuli of Schizaeaceous 
sporangia of the Aneimia type, Hallers statement/ that the annulus cells 
of Ruffordia Goepperti are the "only portions of the sporangia preserved in 
some specimens described by him from Manchuria, lends support to the 
suggestion that Figs, 5 and 8 , PL XVI, represent the annuli of sporangia 
borne on the Tempskya fronds. The annuli described by Haile contain about 
cells and the diameter is from 0-25 to 0*30 mm.: the agreement with the 
Amencan specimens is close. Similarly the annuli of the sporangia of 
Aneimia adiantifolia agree fairly closely with the cell-groups shown in 
Figs. 5 and 8, PL XVI, and it is noteworthy that the occurrence of several 
cells in the distal region enclosed by the thick-walled elements is a feature 
characteristic of Aneimia in Lygoditmt and Schizaea the apex of a 
sporangium is occupied by a single cell.^ 

IL Araticarian Roots, 

Figs. 21 , 22, PL XVIL Lying among the roots of Tempskya Knmdtoni 
in some of the .sections (sections vi-ix, xvi) is a larger root belonging to 
an entirely different plant which had bored its way into the false stem 
presumably below the surface of the ground. A slightly oblique transverse 
section of the invading root is shown in Fig. 21, PL XVII; the elliptical 
.xylem-tissue in the centre (1*0x0-38 mm.)' consists of ' regular series of 
secondary tracheides with two or three rows of alternate, contiguous pits on, 
the radial wallS' (Fig, 22, PL XVII) and occasional, imperfectly preserved 
■medullary' rays.' In the centre along the major axis the elements appear to 
be disposed as a'bipolar band of primary xylem with narrower tracheides 
at the ends. Fig.., 22, PL XVII, shows part of the secondary xylem , of 
.,another specimen, identical in form, and' structure with that represented',,in 

, L »'PrantUlB,81), Plate vn, Fig. 104 / ;■ 

''® B'Ower(1828), !>/3'53.' ■ 
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Fig« 2I5 PL XVIIj which was found at a much higher level in the Tempshya. 
The xylem is surrounded by a 'Space, and beyond this is a loose, compressed 
cylinder composed mainly of serially arranged thin-walled cells which are 
undoubtedly of the nature of cork (Fig. 21, P, FL XVII). External to the 
cork there are traces of a fairly broad band of parenchymatous cortex. 
The root is most probably Araucarian; it agrees closely in the form of the 
diarch xylem and in other features with the roots of recent Araucarias. 

English Specimens of Tempskya. 

I am indebted to Dr. Kidston for the photograph reproduced in Fig. 16, 
PJ. XVII, of a compressed solenostele of Tempskya erosa. For the loan of 
this and other sections cut from a specimen from the Wealden beds of 
Brighstone in the Isle of Wight my thanks are due to Prof. Farmer, of the 
Imperial College. The length of the major diameter of the xylem ring is 
5 mm., whereas the complete stem of the American specimen has a diametei 
of about 3*5 mm. The xylem is from 8 to 10 elements broad: no proto- 
xylem groups nor xylem parenchyma have been recognized. Two meri- 
steles are shown above the broader end of the solenostele and two othei 
meristeles are in course of development. Apart from the xylem the 
preservation is very poor ; the ground-tissue has been replaced by a daik 
reticulum which, especially in the centre, simulates parenchyma. The roots 
are diarch and appear to be identical in structure with those of the 
American Fern. 

Fig. 4, PL XVI, shows part of a section, in the British Museum collec¬ 
tion, labelled Tempskya erosa, but from an unknown locality. it was^ no 
doubt cut from an English Wealden specimen. The whole section, 
3X3-':^ cm., contains 13 badly preserved stems lying in a dense mass of 
diarch roots. One of the stems seen in Fig. 4 on the left is partially 
divided; in another stem at P a protuberance marks the position of a ieat- 
base. The tendency is for the leaves to be given off from the stems on the 
same side, though the orientation is not absolutely constant The ^te es 
are approximately of the same size as those of the Ameiican species, u 
anatomical comparison is precluded by the very imperfect preseivation o 
the English .specimen. 

PIabit of Tempskya Knowltoni, 

In their general conclusions Kidston and Gwynne-Vaughan wrote as 
follows : ‘The aggregate of axes with their root-packing must have stood 
upright. If they had grown horizontally the roots would^ not have^ run 
parallel with the stems, and again the leaf-bearing sides ® 

would have pointed in the same direction, i. e. away rom t e soi. 
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whole aggregate of axes and roots undoubtedly reached a very considerable 
height and size. , . In all probability, then, the whole plant when full-grown 
had the appearance of a tall column consisting of a mass of stems and 
adventitious roots. Tin's “ false stem as it may be called, was probably 
more or less conical and narrowing upwards Tin's view of Tempskya Is 
expressed in the restoration to which reference lias already been made. 
The authors add, The presence of a strictly dorsiventral symmetry in tlie 
stems becomes a matter of no little surprise. It is hardly possible to 
account for it otherwise than as a vestigial character on the assumption that 
the plant primitively grew with a creeping horizontal rhizome.’ 

An examination of the American specimen leads me to express an 
opinion different from that of Kidston and Gwynne-Vaughan, It has 
already been shown that the false stem (Fig. 1:, PI. XVI) was obconical, the 
broadest end being the youngest portion. We cannot tell to what extent 
erosion and weathering altered the original form, but the shape of Tempskya 
Knmvltoni and, one may add, the shape of much larger specimens of the 
English species figured by Fitton and other authors does not favour the 
idea of a vertical column. The general, though not invariable, tendency of 
the roots to follow a vertical course does not, I venture to think, justify the 
assumption of an erect position. The mass of compact roots seen in the 
fossil was probably covered during life by a much looser felt of roots which 
grew into the soil, but unless the false stem were preserved in sitn one could 
not expect to find any remains of the superficial absorbing organs. More¬ 
over, hydrotropism as well as geotropism must be taken into account. In 
Tempskya Knmvltoni the orientation of the leaves is much less irregular 
than in T. rossica. The occurrence of a well-preserved Gymnospermous 
root among the roots of the Fern is consistent with a subterranean position : 
there is no evidence that the Tempskya was dead at the time of its penetra¬ 
tion by the foreign root. 

The greater regularity in the position of the leaves on the stems of 
T. KmivlUmi as compared with their irregular disposition in T. rossica 
may be largely a question of age. Several years ago a stem of Dichsonia 
antarctica .was taken out of the ground for me at Kew, and my recollection 
is .that the basal subterranean part of the plant was in an obliquely ascend¬ 
ing, position and obconical in form. It may be that Tempskya in its earlier 
stages': of gro,wth was at least in-part'below the surface of'the .soil and 
mm>xch\t6.'/'Dryopt€ris Filix mas in the.orientation of the fronds. 'The 
Montana specimen .probably represents such a'comparatively juvenile stage 
; a'S''I'have■ described. ,■ At a ■ later.’stage the false stem may have assumed 
-a rn'ore' cr 'less' vertical position, and''when this happened the-stems'would no' 
' longer..exhibit any.'.regularity in...the orientation, of tliC' 'fronds. 

''f lCicIston,'and.Gwynne*Vaughan.(1011)','p.., 14 . 
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I believe that the available' evidence supports the conclusion that the 
false stem of Tempskya^ or at least that of T, Knozvltoni^ may best be com¬ 
pared with the obliquely ascending, and for the most part subterranean, 
stem of such a Fern as D^yopteris Filix mas. The orientation of the leaves 
(Text-fig, 2) suggests that only a portion of the Tempskya was uncovered. 
On mechanical grounds it is difficult to imagine T, Knozvltoni growing 
erect 

A section of a stem of Cyathea medullaris figured by Bovver^ shows 
a bifurcate stem embedded in a mass of roots : it is quoted in illustration of 
a Tree Fern stem which depends for the support of its lower and thinner 
region upon adventitious roots. The stem of Cyatkeapikethat of Tempskya^ 
increases in diameter from a narrow base upwards. There are, however, 
obvious differences between the two Ferns, and particularly the contrast 
between a stem with a single median vascular axis, occasionally bifurcating, 
and bearing radially disposed fronds and a false stem such as that of 
Tempskya, 

Fitton stated that the large specimens of T, erosa were found in 
a horizontal position in the English Wealden strata, and that they were 
elongated, flattened bodies ‘tapering at both ends^^ MantelP quoted 
Brongniart as saying that Tempskya bears some resemblance to the base, or 
the short and almost subterranean stems of some recent species of Ferns 
that are not arborescent. It is also not easy to explain the transport of 
water by the roots to the living stems in the upper part of an upright 
columnar mass containing only a few decayed stems in its basal I'egion. In 
the absence of a complete series of sections it is impossible to ascertain 
whether or not the much greater number of stems in the upper, broader 
portion is the result of repeated dichotomy of a single axis, but it is not 
improbable that the numerous stems in the upper part of the specimen 
were all derived from a single individual. If, on the other hand, the Fern 
were on the ground, or in part below the ground, the roots of any of the 
stems would be within easy I'each of water. 

The Systematic Position- of Tempskya, 

Referring to the genus Tempskya in the course of a general account of 
Wealden floras published nine years ago,"^ I wrote ; * While the balance of 
evidence is distinctly favourable to the inclusion of Tempskya in the 
Schizaeaceae, definite proof is lacking; We have no information as to 
the form of the leaves, and it remains to be discovered which, if any, of the 
numerous unattached Fern leaves from Wealden beds belong to the Tempskya 
stemsd'Anatomically, the species, described in this paper . does /not' add 

i Bower (1823); , 2 

8 Maixtell(1833),,pt 337 . , « Sew.ard (1911),p, 
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very much to the facts furnished by Tentpskya rossica, Kidstoii and 
Gwynne-Vaiigiian stated that ‘ the affinities of the Tempskyas appear to lie 
with the Leptosporangiate Ferns, but beyond this their systematic position 
miist at present be left uncertain. The anatomy, so far as it is at present 
known, does not furnish sufficient evidence to assign tliciii to one order 
rather than to another. For instance, stems with a solenostelic vascular 
system are known to occur in the Schizaeaceae, Gleicheniaceae, the 
Dipteris-Matonia series, in Loxsoma, the Cyatheae, the Dennstaedtiiieae, 
and in certain series of the Polypodiaceae. In each case, except perhaps 
the Cyatheae, a horseshoe-shaped leaf-trace is associated with the soleno- 
stele. Referring to the absence of definite protoxylem groups in the stem 
xylem, the same fact Is to be noted in certain species of all the groups 
mentioned except in Dipteris,Matonia,\X\e^ Gleicheniaceae, and Cyatheae’d 

We may now consider whether it is possible to produce any additional 
evidence in justification of my suggestion, in 1914, that Tempskya is 
probably related to the Schizaeaceae. With the exception of a few species 
(sub-genus Aneimiorrkizei) the stems of Arieimia are dialystelic, while those 
of other Schizaeaceoiis Ferns have either a simple protostele or a medullated 
protostele. The xylem of Aneimia mexicmiap one of the species with 
a creeping solenostelic rhizome bearing distichous leaves, is about five 
tracheides broad and has no definite protoxylem groups, nor is there any 
parenchyma interspersed with the scalariform elements. Aneimia adianCi^ 
folia, a Floridan species, is anatomically similar. The roots of the 
Schizaeaceae, like those of many other Ferns, are diarch, and in Aneimia 
the xylem-plate includes two large tracheides like those in the roots of 
Tempskya* Aneimia agrees closely with Tempskya also in the flat-arched 
meristele. The solenostele of Gleickeniapeciinata'^^ is distinguished by the 
presence of clearly defined protoxylem groups and by other features. The 
roots are usually tetrach. In the solenostelic New Zealand Fern Loxsofua 
Cufmingkmniip now assigned to a separate family, the Loxsomaceae, the 
■xylem is three to four elements broad and, as in Aneimia, the smallest 
tracheides occur on the outer edge; but it differs from Tempskya in having 
a single row of leaves that are rather widely separated, Moreover, the occur¬ 
rence of islets of parenchyma in the sclerotic cortex is a characteristic feature. 

. .'The Fern.Lopkosoria pruinatap which is nearly allied to the Cyatheae, has 
a solenostele in^ which there are no protoxylem strands ; but the rhizome is 
often'very bulky and the fully developed leaf-trace is unlike that of, 
Tempskya* /Metaxya rostratap m.'&xXy related species, has a solenostele^ 

' but here also the'meristele is mot so. simple as that of the fossil genus,, and 
■ the stem of the''recent Fern'is . stouter. ■ ' 

■.. ■,^';.Kidston'','aii'd ® Boodle (1901). 

', '® Boodle (1001®). ''■ , ■ _ ' Gwymie-Vaiighari,( 1901 ). '. 

®,'Bower (.1912)..'■ , ’ ' ■ '6' Bower ( 1018 ). .■ , 
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In his paper of 1903 Gwynne-Vaughan^ gave a list of solenostelic 
Ferns known at that time. Some of them differ from Tempskya in the 
greater diameter of the rhizome, and in many of them xylem-parenchyma is 
a conspicuous constituent of the stele. Prof. M'Lean Thompson ^ men¬ 
tions some solenostelic Ferns, but in none of them is the resemblance to 
Tempskya as close as is the solenostele of Aneimia» 

On anatomical grounds it would seem reasonable to suggest that the 
solenostelic species of Aneimia show the greatest similarity to the Wealden 
genus. 

If I am correct in identifying the groups of thick-walled cells shown in 
Figs. 5 and 8, PI. XVI, as annuli of sporangia, their association with roots of 
T, Knowlioni lends considerable support to the view that the spores, com¬ 
pared by Boodle ^ with those of a Schizaeaceous Fern found in the false stem 
of 71 erosa^ were from sporangia borne on Tempskya fronds. 

So far as I am aware, no recent species of Schizaeaceae is known in 
which the slender stems are embedded in a mass of roots, nor is there any 
living Fern with a false stem of the Tempskya type. The Javan Fern 
Hemitelia cremdata, described by Schoute ^ and compared by Kidston and 
Gwynne-Vaughan with Tempskya, offers certain interesting analogies, but, as 
the latter authors show, there are essential differences in construction. 

The next point to discuss is the possibility of connecting the false stem 
of Tempskya with any of the Lower Cretaceous species of Fern fronds. 
There is no proof of any such connexion. Among widely distributed 
species founded on fronds from geological formations from which Tempskya 
has been recorded there are Weichselia reticulata (= W. Mantelli), Clad0‘- 
phlebis Browfiiana, Onychiopsis psilotoides and O, elongata, Ruffordia 
Goepperti, in addition to species of Gleichenites, Hausmannia, Sphenopteris^ 
and Taeniopteris. The stem and petiole of Weichselia^ differ widely from 
those of Tempskya \ there is clearly no real affinity. The fronds known as 
Cladopklebis Browniana are practically always sterile,® but specimens were 
discovered in Peruvian Wealden beds'^ identical in habit with Northern 
Hemisphere forms bearing sporangia of the Schizaeaceous type, and were 
therefore transferred to the genus Klukia, which includes the more familiar 
K. exilis of Jurassic floras,* a species hardly distinguishable from 
K. Browniana. Klukia fronds differ in habit from those of any recent 
species of Schizaeaceae, but they bear sporangia identical in structure with' 
those of existing members of the family. It is possible that Klukia. ffonds 
were borne on Tempskya sitms, but the smaller rachis of Ruffordia Goepperti 

^ GWynne-Vatighan (1903), ^ Thampson (1918); 

'Boodle (1895). , ■ . Schonte (1906), '' ; ; , ; 

® Bommer (1910). See also Seward (1922), p. 230 . 

® Seward (1913), Hate XIII. ■ ' ■ ■ . ' Zeiller (1914). '' ■ 

■® Seward (1910), p, 3 # " " ; 
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and the slender evidence of forking afforded by the imperfect specimen seen 
in Fig» 6 are points in favour of connecting the latter species with Tempskya. 
No sporangia .of the widely distributed Oiiychiopsis have been described ; ^ 
tliat generic name was substituted for Sphenopteris because of the dis¬ 
covery of fertile pinnae in Japan, England, and elsewhere similar to those 
of the Folypodiaceous genus OnycJiiiim. It is not easy, in the absence of 
fertile specimens, to distinguish between pinnae of OiiycMopsis and Rujjordiii^ 
and the polymorphism of R. Goepperti adds to the difficulty. Berry,in 
describing different forms of sterile fronds from the Potomac formation of 
eastern North America, includes in Onycliiopsis both 0 . psilotoides and 
0 . Goepperti \ as fertile specimens were not available Sphenopteris would 
have been the more appropriate designation: there is no justification for 
the substitution of OnycJiiopsis for Ruffordia. The name Ruffordia was 
first suggested in place of Sphenopteris for S. Goepperti, because it was 
believed that the habit of sterile and fertile pieces of fronds indicated 
affinity to species of A neimia* Spores of the Schizaeaceoiis type were sub¬ 
sequently obtained from English material/ and more satisfactory confirma¬ 
tion was supplied by Halle,^ who found numerous impressions of apical 
annuli associated with pinnae of Ruffordia Goepperti in beds, presumably 
of Lower Cretaceous age, in Manchuria. It is noteworthy that the fronds 
of Ruffordia Goepperti agree very closely in habit with those of some recent 
species of Aneimia, e. g. A. adiantifolia, one of the solenostelic species 
already mentioned. The leaves of recent species of Anemia arc crowdeds 
and leave no free surface of stem between them, a feature shared with 
Tempskya^ Moreover, the occurrence of several small cells at the distal end 
of the annulus (Fig. 8) is a feature consistent with affinity to Aneimia rather 
than to Sekhaea or Lygodmm, in the sporangia of which there is a much 
smaller distal region.^ Fronds agreeing closely in habit with Ruffordia 
■Goepperti, or identical with that species, occur in the Kootanie formation of 
.North America, in the Wealden of .Bmgland, and in the Lower Cretaceous 
of Bohemia, in association with Tempskya. 

Two other Wealden Ferns should be mentioned Schizaeopsis expansa 
(Font.), 'described by Berry/ from ■ the lowermost Cretaceous beds of the 
Atlantic Coastal Plain, has fronds of the Schimea type, and spores very like 
'■'those described by Boodle in the false'stem of Tempskya erosa.' ■ It is,, how¬ 
ever, unlikely that this species represents the foliage of Tempskya, as recent 
species' of Schkaea all differ anatomically from Tempskya stems. Berry 
''.■pomts,.out that'Sterile fronds, very, similar to Seimaeopsis/oceux'in the 
Kootanie .formation, the home probably of Tempskya Kmwltoni ;' but' the 

0 Seward,(miO),'p, 378 j' (19;X3), p. 9.(5, ' For'a fuller accatmt see Seward (1.834), p. 4 Qt.'.'- 

'»■,■ Berry'('X911),'p... 267 ,'■ ' ' , 'SSeward (1894), p,' 75 . ■ ■• ■ ■ 

'^'"Seward'"(19X8), p. 90 . . '' ' »■ Halle'(1921), Plate ll, Figs, 1 -^ 8 . ' 

■■;■.:■■. '' ; ■ . . ■ , Berry (1911^1. ' 
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geograpliicai range of Ruffordia is wider, and on other grounds that genus 
is more closely connected with Teizipskya. The species Pelletieria ualdensis} 
founded on portions of fertile fronds and well-preserved spores very similar 
to those described by Boodle, is probably another example of a Wealden 
Schizaeaceous Fern. 

Its affinity to recent members of the Schizaeaceae has not been 
thoroughly established, but it may afford another example of the wide 
range in form and wealth of species characteristic of this family in the later 
Mesozoic epoch in the Northern Hemisphere.^ The contrast between the 
past and present distribution of the Schizaeaceae has been dealt with 
elsewhere. , 

An Upper Cretaceous Japanese Fern stem, described by Miss Kershaw ^ 
as Solenostelopteris japojiica, agrees with Teizipskya in the exarch position 
of the narrowest tracheides, but the resemblance is not otherwise very close, 
and the roots are of a different type. 

Conclusion and Summary. 

The specimen on which the new species Teripskya K7toivlto7ii is 
founded was obtained from Montana, from beds in all probability belonging 
to the Lower Cretaceous, Kootanie formation. It agrees generally in the 
structure of the stems, petioles, and roots with T, rossica and with other 
species of the genus. The false stem consists of a mass of diarch, branching 
roots enclosing slender, solenostelic stems bearing, usually on the same side 
of the axis, two series of alternate, contiguous leaves. The stems, which 
increase in number from the narrow end of the specimen upwards, show 
frequent dichotomous branching. The xylem of the stele has no proto- 
xylem groups within the metaxylem and little or no xylem parenchyma; 
the leaf-traces arise as loops of the solenostele, and pass out alternately 
right ^nd left to the petioles. A piece of a root, believed to be Araucarian, 
was found among the matted roots of the Fern, also a few groups of thick- 
walled cells which may be apical annuli of Schizaeaceous sporangia* 

It is impossible, on the information available, to assign the recorded 
examples of Teifipskya to species distinguished by clearly defined characters. 
The only specimens sufficiently well preserved to furnish data for a fairly 
complete anatomical description are the type-specimen of Tempskya rossica, 
and the Montana fossil. 

^ Seward (1913), p, 91 . 

® Seward (1922), Map C. I take this opportunity of correcting a careless mistake on p. 232 of 
the Hooker Lecture (1922): leaves of a fossil species of Onocka ^xQ there stated to he characteristic 
of Upper Cretaceous beds in the United States. I am indebted to Dr. Holiick and Dr. Knowltou for 
calling my attention to the fact that the beds are Eocene in age. This correction has an important 
bearing on the remarks made on p. 233 of the Lecture. 

a'Kershaw (1910)., , 

. Ll. " 
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The English specimens frequently referred to T. Schintpcri^ one of the 
species founded by Corda, should, as Dr. Marie Stopes pointed oiit^ be 
named T,. crosa, as that is the older specific name. As previously shown, 
it is hopeless to attempt to discriminate between the species described by' 
Corda. There are no satisfactory grounds for dra^ving a distinction between 
the English specimens and those from Germany, Bohemia, and France, but 
there is something to be said in fivour of retaining the name 1 \ Sekimpe-ri^ 
as Dr. Stopes suggested, for the hhiropean continental species, confining the 
designation. 7 \ erosa to the English examples. All the specimens of 
Tenipskya so far discovered may belong to one species; the retention of 
different specific names may be defended on the ground of convenience and 
as a provisional course justified by lack of knowledge. The important 
point is that the various forms of the genus conform to the same anatomical 
type: dichotomously branching stems with a soleiiostelic vascular system, 
raeristcles of the horseshoe form, and diarch roots. 

Tempskya e^'osa (Stokes and Webb, and Mantell). Characteristic of 
English Wealden beds, and represented in the Lower Greensand, The 
stems are rather larger in diameter (Fig. 4, PI. XVI; Fig. 16, PL XVII) than 
those of l'\ KmioltonL 

Tempskya Schimperi, Corda. Perucer formation (Lower Cretaceous) 
of Bohemia; Wealden of Germany and France. Probably specifically 
identical with 2L erosa ; stems rather stouter than in 7 \ KnmoltonL 

Tenipskya Whitei^ Berry. Patapsco formation (Lower Cretaceous) of 
Maryland. Considered by Mr. Berry to be distinct from the European 
species, but not fully described. 

Tenipskya rossica^ Kidstoii and Gwynne-Vaughan. Tertiary con¬ 
glomerate, Moiigadjar Mountains, Russia: [probably derived from Cre¬ 
taceous rocks], 

IPmpskya Knowltoni^ sp. nov. Probably from the Kootanie formation 
(Lower Cretaceous), Montana. 

The wide geographical distribution of this well-defined type of Fern 
furnishes an additional piece of evidence consistent with the opinion^ based' 
on a comparison'of Wealden floras, that in the early part of the Cretaceous 
period climatic condltion.s were more uniform than they are at the 
present day. 

In ' comparison with specimens of the genus recorded from other 
.localities, especially m.'any of those from English rocks, the American fossil 
.is relatively' small.' The restoration by 'Kidston and Gwynne-Vaughan 
represents the false stem of 7 'empskya rossica as, a thick, vertical column, 
the.ereGt'position being'inferred from lack of any,constant' orientatio.n of 
ieaves'in relation to stems and from the' vertical course of the^ roots. "'In 
[foMmwltoni the position of the leaves is .m.uch less inconstant ' The' fact 

^ Stopes (1915), p. 18 . 
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that the roots pursue in the main a vertical course is not proof of an erect 
position ° hydrotropism as well as geotropism must be taken into account, 
and an examination of recent Ferns shows that the direction of the roots is 
not a trustworthy criterion of the position of the stem. The occurrence of 
two well-preserved foreign roots (probably Araucarian) among the matted 
roots, of Tempskya is regarded as evidence that the Fern was below the 
surface of the ground. It does not necessarily follow that the Conifer roots 
penetrated the tissues of Tempskya during the life of the Fern, but the state 
of preservation of the intruded roots and those of Tempskya suggests that 
they were associated when alive. 

The published restoration of Tempskya rossica^ like many attempts to 
picture the habit of plants never seen alive by any human eye, creates an 
impression of unreality. I prefer to think of T. Knowltoni as a root- 
encircled bundle of stems, obconical and tapering, lying obliquely in the soil, 
a few of the stem branches bearing crowded fronds near the ground-level. 
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EXPLANATION OF PLATliS XVI AND XVII, 

' Illustrating Prof. A. C. Seward’s paper on a New Species'^ Timpskya from Montana. 

(With the exception of Figs, r and 16 the photographs are by Mr, Tams.) 

PLATE XVI. 

Fig. I. " The .specimen Tempskya, KnowUoni as it was found, -/q- nat. size. 

, ,; Pig. 2 .. Longitudinal section of part of a stem showing a group of dark oval bodies in the inner 
cortex, 2 V. x' 26 . , Section X.. 

Fig. 3 ./Phe apex of the false stem. ' .s., one of the stems. Nat* size... 

Fig. 4 . .'Transverse section' of' Tempskya erosa. ' petiole attached' to a 'stem. Brit'Eh' Museum 
coU. Localityunknown*', .'(V.' 82 I 4 .)..' 
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Fig. 5 . Apical annulus of a sporangium, probably of Tempskya Knowltoni. x 85 . Section vii. 
Fig. 6 . Transverse section of two meristeles, m.^ enclosed in a common cortex, x 12 . Section ii. 
Fig. 7 . Transverse section of a root showing the outer cortex, o.c. x 45 , Section v. 

Fig. 8 . Apical annulus, enclosing a group of small cells, x 85 . Section vii. 

Fig. 9 . Complete transverse section cut at the level vii, Text-fig. i, showing several stems among 
the roots, x 2 . Section vii. 

Fig, 10 . Enlarged photograph of the branching stem near the centre of Fig. 9 (stem 14 , 
Text-fig, 2), XII. Section vii. outer part of the central sclerenchyma. 

Fig. II, Longitudinal section of a stem showing two petioles, P., p'. s.j pad of sclerencliyma 
at the base of the lower petiole, x 7 . Section xi. 

Fig. 12 . Transverse section of the stem shown in Fig. 10 after the separation of the branches. 
R., root, XII, Section viii. 

Fig. 13 . Longitudinal section of a stem. p,,p.,p., petioles; f.e'., inner cortex, x 7 . Section xiv. 

PLATE XVII. 

Fig. 14 . Transverse section of a petiole base, x 28 , Section iv. 

Fig. 15 . Longitudinal section of the inner sclerenchymatous cortex of a root showing the 
xylem of a lateral branch, x 50 . Section xii. 

Fig. 16 . Transverse section of the stele of a stem of Tempskya erosa with two meristeles at the 
upper end. From the Imperial College coll. X 15 . Phot. Dr. Kidston. 

Fig. 17 Roots in transverse section. outer cortex. 

Fig. 18 . Branching root showing the endodermis, x.S 5 . Section vii. 

Fig. 19 , Transverse section of a root with outer cortex, a.c. e., endodermis. x 50 , Section vii. 
Fig. 20 . Part of the stele of a stem, a, brown deposit -at the outer edge of central scleren- 
chyma ; z.c,j inner cortex, x 70 . Section v. 

Fig. 21 . Transverse section of a Gymnospermous root, probably Araucarian, P., periderm. 
X 35 . Section vii. 

Fig. 22 . Part of the xylem of the Gymnospermous root enlarged, showing the alternate, 
contiguous pits on the tracheides. Section xvi. 

Fig. 23 , Transverse section of the central region of a young root. e., endodermis. Section vlii. 
Fig. 24 . Branching root, showing dark, oval bodies in the central region, x ii. Section vii. 
Fig. 25 , Transverse section of stem 23 , Text-fig. 2 , showing many invading roots, x ii. 
Section vii. 

Fig. 26 . Transverse section of a petiole base attached to a stem. PX,, protoxylem. X 40 . 
Section ix 










Duration of Light and Growth, 


BY 


J. ADAMS. 

D uring the last few years considerable attention has been devoted to 
the effect of light, as regards its duration, apart from its intensity, on 
plant-growth. In some cases the normal period of day light at the time of the ^ 
year when the experiments were made has been shortened by the use of dark 
coverings or dark chambers, while in other cases the period of illumination has 
been lengthened by the use of electric light. While electric light is probably 
not quite the same in its effects as natural daylight of similar intensity, still 
it is the only practicable method of lengthening the light period beyond 
a daily average of i6 hours in latitudes south of 46® in the Northern Hemi- 
sphere. That it forms an efficient substitute for natural daylight is shown 
by the observations of Pendred ( 4 ) on the moss-like vegetation growing near 
electric lamps inside Cheddar caves. Steel (6) refers to observations made 
by Cheel at Sydney, Australia, in 1913, where plane trees growing near 
large electric lamps retained their leaves a month longer on those branches 
nearest to the electric light I have observed the same result in the case of 
Norway maple at the Experimental Farm, Ottawa, but whether the 
branches nearest to the electric lamp retained their leaves longer owing to 
the heat from the lamp or the illumination at night is not at present clear. 
However, any doubt as to the value of electric light in promoting plant- 
growth has been set at rest by the experiments of Harvey ( 3 ) at St. Paul, 
Minnesota, who grew a great variety of plants, including cereals, buckwheat, 
peas, lettuce, &c., to maturity under electrical illumination alone, daylight 
having been entirely excluded. 

In a former paper ( 1 ) I gave some account of the effect of shortening the 
natural length of day on various plants as regards height, weight, and time 
of.flowering. ' The^object'of the present,investigation, was to experiment; ," 
with a larger range of light exposures,' including electrical illumination,.,in ' " 
' order to ''determine whether/there was an ,up,per limit to .the daily number of; 

[Aniiais,ofBotany* VoL XXXVIII. No. CW.'July,'1924^] 
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hours of light which a plant could usefully employ. The daily exposures 
to light in these experiments varied from 3 hours up through various inter- 
mediates to 20 hours. 

While annual plants were used in most of the experiments, in one case 
observations were made on Onion bulbs and in another case on Potato tubers* 

The plants were grown in a greenhouse and all the experiments were 
done in duplicate or triplicate, mostly the latter. The number of plants 
experimented with in each case varied, but they were sufficiently numerous 
to give a fair average result. All the other conditions, such as moisture, 
temperature, soil, &c., were kept as uniform as possible, the light factor 
being the only one that varied. 

Experiments with Onion Bulbs, 1932. 

Small Onion bulbs were planted in pots on 6 March 19:^2, one in each 
pot. One set was subject to the alternation of day and night, while the 
other was covered by a wooden box and kept continuously in the dark. 

On 27 March the average height of the set exposed to light was 11 mm., 
while that of the darkened set was 34 mm. 

In order to keep the darkened plants alive and healthy the wooden 
box was subsequently removed. It was found on 18 April that the average 
height of the set constantly exposed to light was 276-0 mm., while that of 
the set previously darkened was 252-3 mm. 

Experiments with Potato Tubf-rs, 1922. 

Six small tubers were planted on ii March 1922, one in each pot 
Three were exposed to day and night conditions in the greenhouse, while 
the other three were placed beside them and covered with a wooden box to 
exclude the'light. 

Of the plants exposed to light two sprouts were just breaking through 
the surface of the soil on 10 April, one in each pot, while in the third pot 
■no growth was yet visible. On the same date in the darkened 'pots 'the 
average height' of the shoots was 18*3 mm. On ,18 April the 'average, 
height of the shoots in the plants exposed to light was 23*3 mm,, while in 
those kept in the dark the average height was 75*6 mm. 

Experiments with White Mustard, 1922. 

Series L 

SeQdS'WQte'^ pots on,25 April 1922, one set being exposed to 

dight and'the Other 'kept dark.' 

■ 7 :':''>,f'''The,'aV'er^ 'of the ''plants''kept dark'was 87-7'mm. on""4 May 1 

while that of the plants exposed to light was 19-7 mm* 
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As it was not possible to keep the darkened plants in a healthy condi¬ 
tion much longer, another series of experiments was started. 

Series IL 

, In this experiment, instead of keeping one set of plants in complete 
darkness, they were exposed to light at intervals, while the other set was 
exposed to the regular alternation of day. and night. The seeds in both pots 
were sown on 5 May The covering was removed from the darkened 

set on various dates from 9 May to 26 May, so that the total amount of 
exposure to light between these dates was 60 hours, and the time of 
exposure on an}^ one day varied between 2 and 7 hours. On 27 May the 
covering was removed and was not again replaced. 

The average height of the plants in the darkened set on 9 May was 
19*9 mm., while on the same date average height of the exposed set 
was 6*4 mm. 

On 2 June the average heights of the darkened and fully exposed sets 
were 87*6 and ioo*6 mm. respectively. 


Experiments with Flax, 1922. 

Series!. 

Seeds were planted in pots on 25 April 1922, one set being exposed to 
light and the other kept dark. 

The average height of the plants kept dark was 71*6 mm. on 5 May, 
while the average height of the plants exposed to light was 16*2 mm. on the 
same date. 

Series IL 

As in the case of White Mustard, one of the two sets of Flax plants was 
uncovered at intervals, while the other was left uncovered. The covering 
was removed from the darkened set on various dates from ii May to 23 May, 
so that the total amount of exposure to light between these dates was 47 
hours, and the time of exposure on any one day varied between 3 and 
7 hours. The seeds were sown on 5 May 1922. 

The average height of the plants in the darkened set was 19*2 mm. on 
ill. May,, while the average height of the .exposed set on the same date^ was 
7*1 mm. The respective heights of the darkened and exposed sets on 26 
May were 68*5 and 90^2 mm. . 

Experiments AviTH-W ax Bean, , 1922. 

In order to test the behaviour of larger seeds under similar conditions 
;.to'those'.previously mentioned, .an-’-experi'ment was made with'.seeds of Wax' 

Bean and'Sunfio.wer. ■ 
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Seeds of Wax Bean were planted on 37 May ig 2 , 2 . One set was 
exposed to the light during the course of the experimentj while the other 
was uncovered on various dates from 2 June to 14 June. On 15 June the 
cover was removed and was not again replaced. The total amount of 
exposure between these dates was 40J hours, and the time of covering on 
any one day varied between and 6 ^ hours. 

The average height of the plants in the darkened set was 140-3 mm. on 
5 June, while on the same date the average height of the exposed set was 
83*4 mm. 

The average height of the plants in the set previously covered was 
424-1 mm. on 6 July, while on the same date the average height of the 
exposed set was 275*8 mm. 

The first flower in the darkened set opened on 6 July, while in the 
exposed plants the first flowers opened on 5 July. 

Experiments witi-i Sunflower, 1922. 

Seeds were planted on 27 May 1922. The period of exposure to light 
in the two sets was the same as in the case of Wax Bean. 

The average height of the plants in the darkened set was 30-3 mm. on 
2 June, while on the same date the average height of the exposed plants was 
xi*6 mm. The average height of the plants in the darkened set was 
261-1 mm. on 27 June, while on the same date the average height of the 
exposed set was 304-5 mm. 

Experiments witi-i Electrical Illumination, 1922. 

In order to test the effect of supplementing the ordinary period of day¬ 
light with artificial illumination at night, experiments were undertaken with 
Winter Wheat, Winter Rye, Flax, White Mustard, and Shamrock {Tri- 
folium duditiin, Sibth.). At first a loo-watt nitrogen-filled lamp was used ; 
subsequently, this was replaced by a 200-watt lamp, and finally a .double 
socket was employed, canying both a 200-watt and a 100-watt lamp,. 
The plants were illiimmated as a general rule on five nights in each week 
(Monday to Friday inclusive). The lights were turned on at dusk and left 
burning until about 7.30 on the following morning. The plants exposed 
■tO' daylight 'only were. screened from the effects of the electric light by 
a framework covered with brown paper. 

Kharkov Winter Wheat, 1922. 

, :'..Seeds-were planted on 31 October 1922.' , Illumination with an electric 
'';::,'lamp''.,',co:,mm.ence 1922, .'continued' until 2,3 .March .i'9235 

'■vahd'''.'.oc.curr.ed,: on 
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The average height of the daylight set of plants (measured to the tip 
of the leaf) was 122-a mm- on ii December, while the average height of the 
illuminated set on the same date was also 122*2 mm. 

On 28 March 1923 the average heights (measured to the top of the 
uppermost sheath) of the daylight and illuminated sets were 146-9 mm. and 
500*6 mm. respectively. 

In the daylight set of plants the first plant came into ear on 2 May 
1923, while in the illuminated set the first plants came into ear on 5 April 
1923. 

Common Winter Rye, 1922. 

The particulars regarding illumination were the same as for Winter 
Wheat. The seeds were sown on 31 October 1922. The average height of 
the daylight set of plants (measured to the tip of the leaf) was 102*7 mm. 
on II December, while the average height of the illuminated set on the 
same date was 100*4 mm. 

On 27 March 1923 the average height (measured to the top of the 
uppermost leaf-sheath) was 148*0 mm. in the case of the daylight plants, 
while in the illuminated plants the corresponding figure was 839*4 mm. 

In the daylight set the first appearance of the ear protruding from the 
enclosing sheath was on 14 April 1923, while in the illuminated set the date 
was 28 February 1923. 

Flax, 1922. 

One set was exposed to the alternation of day and night, while the 
other was also illuminated at night. The period of electrical illumination 
extended from 18 December 1922 to 23 March 1923, and included 62 
nights. 

The seeds were sown on 24 November 1922. The average height of 
the daylight and illuminated sets on 18 December was 27*2 mm, and 
26*8 mm. respectively. 

On 26 March the average heights were 32-2*9 mm., for the daylight 
plants and 344*2 mm. for the illuminated plants. 

On 23 April there were in flower 12 plants in the case of the daylight 
set, while in the illuminated set 16 were in flower on the date. 

White Mustard, 1922. 

One set was exposed to the alternation of day and night, while the 
other was in addition illuminated at night. The period of electrical illumina¬ 
tion extended'from 12 December 1922 to 23 March 1923, and included 66 
."nights.,, 

The'^ seeds were' sown on 24 Novem.ber 1922. • 'The average height of, 
■■■the ■ daylight :■ and-■illuminated''Sets. on''T2. December was ■,.45*1,;mm;.,,,and 
42* 8 mm. respectively. ■, 
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On 7 April 1923 the average heights of the daylight and illuminated 
sets were 761^6 mm, and 101 a-o mm, ■ ' , 

In the plants exposed to daylight only two plants had come into flower 
0117 April 19233 while in the illuminated set on the same date there ’were 
15 plants in flower- 

Shamrock {T/'^/rouvM dubic/m^ Sibth.), 1922, 

For iliis experiment small pots, each containing a single plant, were 
used, one set being employed for the daylight experiment, while the other 
set was employed for daylight plus artificial illumination. The plants were 
of approximately equal size when the experiment commenced on 12 Decem¬ 
ber I9223and the electrical illumination was continued to 23 March 1923, 
and included 66 nights. 

On 26 March the average heights in the daylight and illuminated plants 
were 304*0 mm. and-448*5 mm. respectively. 

In the plants exposed to daylight only the first date of coming into 
flower was on 12 April, while in the illuminated plants the date of first 
flowering was on 31 March. 

Experiments with Electric Light, 1923. 

In order to test still further the relation of growth to varying amounts 
of light, experiments were devised in which the plants were exposed to light 
for 3, 6, 12, and 18 hours daily during the earlier months of spring. Later 
oiij when the days had become longer, another set of plants was employed 
with exposures of 5, 10, 15, and 20 hours. 

For the purpose of exposing the plants to light for periods of 3, 5, 6, 
and 10 hou rs, box-like coverings were made which were put over the plants 
in the greenhouse or removed, as required. These coverings were made of 
light wooden laths nailed together and covered on the bottom, sides, and 
ends with sheets of brown paper. A space of about 3 in. all round the top 
was left uncovered^ so as to admit air between the pots when the cover was 
inverted, and placed in position. At the same time very little light was 
admitted, as the, pots used were about' 8f in,.high*. These ,coverings. 
measured 3 ft 3 in. long, 2 ft. 310. wide, and 2 ft. 6,i,n..deep. 

The exposures for 12 and 15 hours were obtained by leaving the, pots 
' entirely , uncovered, at the time of the year when the average, length of day 
was'Of this duration.'': 

The exposures for 18 and 20 hours respectively were obtained by the 
use of nitrogen-filled lamps during certain nights each week to supplement 
the regular'period' of daylight., A' double, socket was used carrying,'lamps 
of '20,0:'watts and':i'G'o watts ,capacity■ for 'part of the"time, and, for'the 
v'.'remainderTwO/lamps','^ each'/of 200', watts on,''',a „voltage ■ of,ilOv The,'plants 
neaiest',','to The 'light: were: at a’ distance of'42, in. and those farthest away 
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were at a distance of 60 in. The total.period of electrical-illumination 
extended from %S March to 28 June. 

In all the species under consideration the heights of the plants were 
measured at intervals of about a week, but only the first and last measure¬ 
ments as a rule are given, as these show the greatest contrast. The 
measurements are mentioned in the same order as the periods of illumina¬ 
tion, the first figures referring to the shortest period of exposure to light* - 

Spring Wheat, 1923. 

The variety used was Marquis. There were four sets to be exposed to 
light daily for 3, 6, 12, and 18 hours respectively. The seeds were sown on 
21 March 1923. Electrical illumination occurred on 36 nights. 

On 3 April the average height (measured to the tip of the leaf) was In 
the four sets mm., 71*0 mm., 65*3 mm., and 65*0 mm. 

On May 11 the heights (measured to the top of the uppermost sheath) 
were 58*1 mm., 122-5 mm., 224*9 mm., and 319-1 mm. 

The first plants under the 12-hour exposure came into ear on 30 May ; 
this set produced a total of 35 ears and weighed when cut on 7 June 224‘530 
grm.; the corresponding figures for the 18-hour set were 22 May, 43 ears, 
and 233-690 grm. 

Alsike Clover, 1923. 

There were four sets arranged in groups for exposure to light for 3, 6, 
12, and 18 hours respectively. 

The seeds were sown on 21 March 1923. Electrical illumination 
occurred on 18 nights. On 4 April the average heights of the plants in each 
set were 6-5, 5-0, 2-7, and 1-4 mm. 

As the plants grew very slowly and developed leaves at the ground 
level instead of elongated shoots, they were cut off on 7 May and weighed. 
The average weight (fresh) of the plants successively exposedto longer 
periods of light was o-oi2, 0*054, 0*212, and 0*664 grm. 

Flax, 1923. 

There were 4 sets for exposure to light of 3, 6, 12, and 18 hours' dura¬ 
tion .respectively. The seeds were sown-on 21 March 1923. Electrical 
illumination occurred on 19 nights. On 3 April the average heights were 
43*2 mm., 32-3 mm., 21-7 mm., and i8-8 mm. 

The final measurements on 8 May gave 128-1 mm-, i 94‘3 
29o*i mm., and ■295*4 mm. ■ ■ 

Buckwheat, 1923. 

There were 4 sets arranged in groups for exposure to light for 3, 6, 12, 
',and ' x8' hours; respectively. The seeds were ■ sown 011 2i- March ;I923;' 
Electrical illumination occurred on 19 nights. 
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The average heights on 5 April were 4%-6 mm., 25-5 mm*, 18’i mm«, 
and 19*7 mm. 

On 14 April the heights were 72-6 mm., 67*1 rnm., 58-0 mm., and 
Ji*9 mm. 

The final measurements on 8 May gave 131*7 mm., 260*3 mm., 575-1 
Him,, and 525*3 mm. 

- The plants were cut at the ground level on 8 May and weighed. The 
total weights (fresh) were 4*5v6^ 16*770 grm., 120*250 grm., and 

187*770 grm. 

With regard to the production of flowers, on 8 May 7 plants were in 
flower ill the i2“hour set, while only 2 were in flower in the i8-hoiir set. 
No flowers had opened on this date in the other 2 sets. 

Tomato, 1923. 

There were 4 sets which were exposed to light for periods of 3, 6, 12, 
and 18 hours respectively, up to 12 May, but after that date the times of 
exposure were 5, 10, 15, and 20 hours. Electrical illumination occurred on 
37 nights. 

The seeds were sown on 21 March 1923. The average heights on 17 
April were 28*7 mm., 26*1 mm., 17*3 mm., and 14*5 mm. 

The final measurements on 29 May gave 64*5 mm., 191*8 mm., 369*0 
mm., and 373*1 mm. 

All the plants were cut at the ground level on 8 June and weighed. 
The total weights were 7*530 grm., 136*140 grm., 613*720 grm,, and 
734-050 grm. 

With respect to the development of flowers, the 12-hour and i8~hour 
sets came into flower on the same date, while in the other 2 sets none had 
come into flower on 8 June. 

Soy Bean, 1923. 

There were 4 sets for exposure to light for 3, 6, 12, and' x8' hours. 
After X2 May the exposures were for 5, xo, 15, and 20 hours. Electrical 
illumination occurred on 36 nights. 

The seeds were sown on 24 April 1923* On xi May the average 
heights were 16*6 mm., 17*9 mm., 22*3 mm., and 17*0 mm. 

. . , On ,30,May the average heights were 160*7 mm., 150*4 mm., iio*o mm.,, 
and 103*3 mm. 

The final measurements on 6 July were 418*2 mm., 938*3 mm., xi56*5 
mm.,'and 1150-0 mm. ' , ■ 

, ■ The plants were cut at the' ground level on the above date and weighed. 
The Total weights, of ,each\ set' were '37*040' grm., '64*910 ' grm.,' 159*310 
'and'',ifio*,o8o grm.;',",.- 

;,At the end of the .'experiment all the plants had,developed a tw.ining 
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habit. Ill the set exposed longest to daylight the first flowers opened on 
23 JunCj while in the set under electrical illumination no flowers were pro¬ 
duced up to 6 July, when the experiment ended. 

Kharkov Winter Wheat, 1933. 

There were 3 sets for exposure to light for 13 and 18 hours respec¬ 
tively. After 13 May the exposures were for 15 and 30 hours. Electrical 
illumination occurred on 49 nights. 

The seeds were sown on 31 March 1933. The average heights on 
4 April (measured to the tip of the leaf) were 71*7 mm. and 64*1 mm. 

The last measurements were made on I 3 May. The average heights 
to the top of the uppermost leaf-sheaf were 83-6 mm. and 86*8 mm. 

In the daylight set none were in ear on 13 July, while on 13 September 

3 plants were in ear, and there w^ere 3 ears altogether. In the electrically 
illuminated se^t 3 plants were in ear on 13 July, while on 13 September 
7 were in ear, and there were x5 ears altogether. 

Winter Rye, 1933. 

There were 3 sets for exposure to light for 13 and 18 hours respec¬ 
tively. After 13 May the exposures were for 15 and 20 hours. Electrical 
illumination occurred oh 49 nights. 

The seeds were sown on 31 March 1933. The average heights on 

4 April (measured to the tip of the leaf) were 82*6 mm., 66-8 mm. 

The last measurements were made on 13 May. The average heights 
to the top of the uppermost leaf-sheath were loi-o mm. and 112*3 

On II June the first plant in the daylight set came into ear, while in 
the illuminated set the first plant came into ear on 38 May. 

On 13 September in the daylight set 5 plants were in ear, and there 
were 39 ears altogether, while in the electrically illuminated set there were 
6 plants in ear, and a total of 48 ears altogether was produced. 

Castor-oie Plant, 1933. 

There were 4 sets for exposure to light for 5, 10, 15, and 30 hours 
respectively. The seeds were sown on 8 May, 1933. Electrical illumina¬ 
tion occurred, on 30 mights., 

■ On' 5 June the average heights-were 126*8 mm., 136*8 mm., 107*0 mm., 
.and 141*5 "mm. 

' The final 'measurements on ii July gave ' 390*6 mm., 343'i mm., 
,473*0 mm., and' 463 * 3 - mm. The plants'were cut at the ground le,vel on 
this,,,, date-and weighed. The total ’weights, (fresh) were 1-03890 grm., 
I3I*i6o grm.,'.300*990 ,grm., and 3 i 9 *-i 60. grm. , - 
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Sunflower, 1923. 

There were 4 sets for exposure to light for 5, 10, 15, and ijo hours 
respectively. The seeds were sown on 9 May I9'Z3. Electrical illumina¬ 
tion occurred on 29 nights. 

The average heights on 21 May were 65-4 mm., 39*6 mm., 31*6 mm., 
and 39*6 mm. 

On 12 June the averages were 241*7 mm., 281*3 mm,, 349*6 mm., and 
415*0 mm. 

The final measurements of the 15-hoiir and 20-hour sets on 5 July gave 
888*7 949*0 mm. The plants were cut off at the ground level on 

this date. The total weights (fresh) were 310*890 grm. and 336*790 grm. 

Hemp, 1923. 

There were four sets which were exposed to light for 5, 10, 15, and 20 
hours. The seeds were sown on 9 May 1923. Electrical illumination 
occurred on 29 nights. 

On 25 May the average heights were 91*8 mm., 88*9 mm., 74*2 mm., 
and 63*2 mm. respectively. 

The average heights on 13 June were 138-6 mm., 161*5 mm., 443-5 mm., 
and 389-2 mm. 

The final measurements on 9 July of the 15-liour and 20-hour sets gave 
935*5 mm. and 788*5 mm. 

On 12 July the plants were cut at the ground level and weighed. 
The total weights (fresh) of the above 2 sets were 216*540 grm. • and 
:i:.78*68o grm. 

Flax, Second Series, 1923. 

, , There were 4 sets which were exposed to light for 5, .1,0, 15, and 20 
hours, respectively, The seeds were .sown on ii.May ,1923. .Electrical 
illumiiiation occurred on 29 nights. 

On 26 May the average heights were 80*8 mm., 76*3 mm,, 67*2 mm., 
and 70-2 .mm., ^ ^ ■ 

'' ..'The'average heights on II June were 142*1 mm,, ,185*7 mm,, 242*0 mm.^ 
and 246*8':mmV' . ■ ■ 

The first plants in the 15-hour set came into flower on 6 July, and on 
7'July 5' were in flower, : ' In the '2.o-hour set the first plant cameinto .flower 
on 25 June, and on 7 July 13 were in flower. 

; ' . The. plants';;in'..'th .sets-were,pulled :np by the -roots on- 7 July-and,' 

weighed. The total weights (fresh) were 78*790 grm. and 72*490 grm,. " 
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Buckwheat, Second Series, 

There were four sets which were exposed to light for 5, 10, 15, and 20 
hours respectively* The seed was sown on ii May 1923. Electrical 
illumination occurred on 21 nights. 

On 21 May the average heights were 61*5 mm., 42*4 mm., 29*0 mm., 
and 38*2 mm. 

The final measurements on ii June gave 176*9 mm., 187-5 mm., 
384*4 mm., and 397-1 mm. 

On 18 June the plants were cut off at the ground level and weighed. 
The weights (fresh) of the T5-hour and 20-hour sets were 249-440 grm. and 
^43*580 grm. 

On 18 June 9 plants were in flower in the 15-hour set and 8 plants in 
the 20-hour set, but no flowers had yet opened in the other two. 


Discussion of Results. 

The results of the experiments referred to on the previous pages may 
conveniently be grouped under three divisions: 

A, Experiments with daylight only in 1922. 

B, Experiments with daylight supplemented by electrical iiiumiiiation 

in 1922 and 1923. 

C, Experiments with three series of exposure to daylight and one with 

daylight plus electrical illumination in 1923. 

In group A the results obtained in the case of Onion, Potato, White 
Mustard, Flax, and Sunflower were uniform, namely, growth was greatest 
at first in the darkened plants, but at the end of the experiment the illu¬ 
minated plants v/ere the tallest. 

In the case of Wax Bean, however, the darkened plants were the 
tallest at first and also at the end of the experiment. 

In group B those exposed to daylight were at first equal to or taller 
than those exposed to electrical illumination, but in the end the latter were 
both taller and flowered earlier. In group B were included Winter Wheat, 
Winter Rye, Flax, White Mustard, and Shamrock. 

In group C the results were much more varied, but in all of the species 
except Castor-oil Plant those exposed to light for the shortest period were 
the tallest' at first. In this group-were included Spring Wheat, Alsike. 
Clover, Buckwheat, Tomato, Soy Bean, Sunflowen and Hemp. 

UntlTfurther experiments' have been made it is scarcely possible at 
present to sa}7 what' was the actual effect'of the electrical iiiumiiiation in 
every " case. During the shorter’ days of winter it appears to- have -exercised 

' ■ Mem 
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a beneficial effect in hastening growth and time of flowering. But when 
the natural length of day varied between and 15 hours the addition of 
artificial illiiiiiination produced little result. The most remarkable effect 
was in the case of So}^ Bean, where flowers were completely absent in each 
of the three pots exposed to electric light. 

In the case of the plants exposed to daylight only for varying lengths 
of time the results were quite uniform. The plants receiving daylight for 3 
or 5 hours were the tallest at first, those exposed for 12 to 15 hours were 
the shortest at first, and those receiving 6 to 10 hours occupied an inter¬ 
mediate position. At the end of the experiment the positions were 
reversed, those receiving most light being the tallest. It follows, therefore, 
that where plants are equally supplied with reserve material, growth—that 
is, extension in length of an axial organ—takes place more rapidly in dark¬ 
ness or diminished light. In the end, however, those plants exposed 
longest to the action of light, being enabled to accumulate a larger supply 
of reserve material for the formation of new tissue as the result of photo¬ 
synthesis, ultimately attained the greatest height. 

The Wax Bean behaved at first like the other species, but whether the 
final result was different owing to the large amount of reserve material in 
the seed it would scarcely be possible to say without further experiment. 

On comparing the above results with those obtained by other experi¬ 
menters there appears to be very considerable difference of opinion as to the 
action of light on plant-growth. Garner and Allard, in a second paper ( 2 ), 
give a detailed account of an extensive series of experiments with about 
55 different species of plants, including cereals, weeds, bulbous and tuberous 
plants, marsh plants, garden flowers, and various trees and shrubs. They 
experimented not only with various periods of daylight, but also with 
■electrical illumination in addition. Their conclusions deal with the relation 
of length of day to the initiation and regulation of sexual reproduction in 
plants, the formation of tubers and bulbs, the character and extent of 
branching, root growth, formation, of pigment, abscission, and leaf-fall, 
dormancy, and rejuvenescence. ‘ The evidence available at this time 
indicates that for each species there is an optimal, light period for maximum' 
upward elongation of the stem or increase in height. For some species this 
optimal light period is furnished by the longest days of summer in the 
temperate zone, while for other species the intermediate length of day of 
spring and fall is optimal. In the first-named group of species progressive 
shortening of the daily light period initiates a series of responses, including 
flowering and fruiting, tuberization, character and extent of branching, 
dormancy,With day. lengths i*anging between the optimal for growth 
and the optimal for sexual reproduction the tendency towards division of the 
plant's energies;hetween these';two':"types-'of activity is''manifested'in'''the, 
ever-blooming/or 'ever-bearing'condition, change in the size of the individual 
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fruit or seed, cleistogamy, and other abnormalities. Further reduction of 
the light period by a sufficient decrement below the optimal for sexual 
reproduction tends to induce intense tuberization. One of the characteristic 
effects of change in the light period from optimum to sub-optimum for stem 
elongation is to promote branching. The decreasing length of day of fall 
is an important factor in causing perennials to enter upon the winter period 
of dormancy. Abscission and leaf-fall, also, appear to be induced by this 
shortening of the light period.’ 

Wanser (8), as the result of his experiments with wheat, supports the 
views of Garner and Allard, and states that ‘ the development of winter 
wheat requires a critical photoperiod for jointing and also a separate and 
distinct critical photoperiod for heading 

Schaffner ( 5 ) has obtained still more remarkable results from his 
experiments with Hemp {Cannabis saliva, L.). ‘In the latitude of 
Columbus, Ohio, with proper illumination in the greenhouse or in the field 
or garden, the ordinary varieties of hemp are pure in sexual expression, 
developing the typical dioecious state when planted at any time between 
the loth of Ma3^^ and the loth of August, and usually also for a week or two 
outside of these dates. But if the planting is done in the greenhouse 
between the 2otli of August and the ist of May, sex reversal is almost certain 
to take place in inverse proportion to the length of daylight at the time of 
planting and the subsequent period of growth. 

‘ The most remarkable phenomenon observed is the fact that the single 
factor of relative length of daylight to darkness causes a reversal of the 
sexual state in both directions. In the staminate plants the reversal is 
from maleness to femaleness, and at the same time it is from femaleness to 
maleness in the carpellate plants. The action of the light, therefore, 
probably goes deeper than merely the reduction of the food supply by 
reducing photosynthesis.* 

Tjebbes and Uphof ( 7 ) found that by the use of supplementary electric 
light at night tulips flowered six days earlier, hyacinths five days earlier, 
and crocuses nine days earlier than under natural daylight,and that flower» 
ing was also accelerated in twigs of Red Currant. 

Harvey’s experiments ( 3 ), already referred to, where the plants were 
grown under electric light alone, would seem to discount very considerably 
the conclusions arrived at by Garner and Allard. He states that the 
‘ plants grew well, set good seed or pi'oduced tubers in the continuous 
illumination. It seems unnecessary to have a period of darkness to allow 
translocation of the assimilate from the leaves. All of the plants in these 
rooms except cabbage bloomed, and many produced good seed, although 
the illumination was continuous. It seems then that the period of illumina¬ 
tion is not the factor which determines whether a plant will bloom or not. 
The results obtained by'Garner' and Allard may have been produced by 

M'm a , 
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a modification of the conditions of nutrition of their plants by variation in 
the length of the day/ 

The conclusions arrived at by various experimenters are therefore 
somewhat discordant. Apparently Garner and Allard attempt to prove too 
much from their experiments, and it seems quite possible that some of their 
results are capable of a different interpretation. Their results, hom^ever, 
iiiidoiibteclly point to an upper limit of light-duration for certain phases of 
development in some, but not in all, species of plants. My results with 
Tomato, Soy Bean, Hemp, and Buckwheat lead to the same conclusion, 
namely, that increase of light-duration beyond a definite maximum produces 
little, if any, additional growth. Such plants apparently must have a rest- 
period. On the other hand the experiments of Harvey with continuous 
electrical illumination, and the behaviour of plants under continual daylight 
in the arctic regions, show that in other species of plants healthy growth 
can be maintained without any period of rest. 

Much further experiment will be necessary before any conclusions of 
a general nature can be drawn as regards the effect of light on {d) height, 
{b) weight, (0 time of flowering, and {d) number of flowers produced. The 
figures obtainable under each of these four heads must of necessity depend 
very largely on the amount of photosynthesis carried on in the plant. The 
amount of photosynthesis again will depend on {a) intensity of the light, 
ih) its duration, and {c) temperature. It is almost certain that light of lower 
intensity but more prolonged will produce the same result as light of higher 
intensity (within certain limits) but of shorter duration. Further, it is 
highly probable that a higher temperature with light of a given intensity for 
a definite duration will produce' the same photosynthetic result as a lower 
temperature with light of the same intensity but acting for a more prolonged 
period. If this reasoning is correct, then the time of the year at which 
a plant comes into flower must vary within rather wide limits. It is also 
quite possible that a diminution of the supply of available moisture will 
have a considerable effect on the time of flowering. 


Summary. 

'" "Experiments were conducted with i6 different species of plants, 
including Wheat,' Rye, Flax, Hemp, Soy Bean, Tomato, Buckwheat, Sun- 
■flower, &c. '■ ■ 

Some plants were grown in darkness ; others with an exposure to day¬ 
light for ,3, 5, 6, 10, 12,'and 15 hours respectively; while still others were 
exposed; to electrical illumination from nitrogen, lamps in addition to , full 
daylight,'thus bringing the total exposure tO' light' up to x8 ,and ao hours 
'^'''respectively.'''' ' ' 

It was,'found,'that the rate^of growth wa^S' more rapid at first in the 
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plants exposed to a diminished supply of light, but at the end those 
constantly exposed to daylight for a greater number of hours daily 
ultimately attained the greater height. From the results obtained the 
deduction is made that the rate of growth, whether in light or darkness, 
depends on the amount of reserve material available for the formation of 
new tissue, and that, if two plants have the same supply of reserve material, 
the one grown in diminished light will make the more rapid growth while 
this reserve lasts. 

The plants grown under a diminished supply of light were deficient In 
mechanical tissue and had a tendency to become decumbent, or, as in the 
case of Soy Bean, to assume a twining habit. Plants grown under such 
conditions, moreover, usually remained unbranched. 

The effect of electrical illumination varied in different cases. Where 
the natural period of daylight from December to March varied from 9 to I3 
hours, the addition of an average nightly illumination of 9 hours with lamps 
varying from 100 to 300 watts had a beneficial result in most cases and 
promoted the rate of growth and accelerated the time of flowering. 

In the plants exposed to daylight for more than 12 hours daily from 
March to June an average additional electrical illumination of 5 to 6 hours 
nightly had most effect in the case of Spring Wheat, did not accelerate the 
time of flowering in Buckwheat or Tomato, and prevented flowering in Soy 
Bean. As compared with full daylight, electrical illumination in the case of 
Hemp had a retarding effect on both the height and weight of the plants. 

In the case of Tomato, Soy Bean, Buckwheat, and Hemp there appears 
to be an upper limit to the amount of light which a plant can make use of, 
beyond which the plant makes no additional growth. 

Central Experimental Farm, 

Ottawa, Canada. 
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I. Introduction. 

I N the present paper the occurrence, structure, and mode of formation of 
the plant cuticle are examined from a standpoint that should first be 
briefly stated. All the tissues of a differentiated plant body may be con¬ 
sidered to arise from meristematic cells, chemical changes proceeding 
both in protoplast and wail as these cells vacuolate and increase in size 
and pass over into the various forms that characterize the adult tissue. 
When these changes are proceeding in the tissue arising from the apical 
meristem of the iVngiosperm shoot, one of the earliest results is the forma¬ 
tion of the cuticle over the surface of the shoot. The meristematic tissues 
undoubtedly always contain fatty substances ( 28 ), which are redistributed 
during the process of differentiation, much of the fatty acid then appearing 
upon the walls. In the root the endodermis is then formed, and frequently 
the exodermis ; in the shoot of the Vascular Cryptogam the endodermis is 
also usually formed (.20 and 24 ), but in the Angiosperm shoot, while an 
endodermis appears in certain species and especially in shoots growing in 
special habitats ( 18 ), a fat-impregnated endodermis is usually absent, whilst 
The cuticle is'"invariably ■present. ^ 

■[Annals'of Botany, Vol. XXXVm. No. CLI. July, 1924.1 
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It appears, then, that the formation of a cuticle maybe associated with 
the following three factors : 

I. The invariable association of fatty substances, including fats, fatt};- 
acids, and lipins (16), with the synthetic activity of the meii- 
steiiiatic protoplast. 

The migration of these substances to plasmatic interfaces during the 
processes of vacuolation and differentiation. 

3, The subsequent migration of these substances into and along the 
walls separating the protoplasts until they reach the surface of the 
shoot. 

Since Overton (14) first advanced his theoiy as to the function of 
lipoids in controlling the penetrability of the plasma membrane, considerable 
evidence has accumulated of the constant presence of fatty substances in this 
membrane. Their subsec|uent accumulation in the wall seems inevitable, 
and a recent series of papers by Hansteen Cranner (7, 8, and 9) shows con¬ 
clusively that lipins and fatty acids are present in the plasma membrane^ 
and fatty acids in the wall. 

The subsequent movement of these substances in and along the wall is 
primarily determined by three factors. In the first place, the chemical com“ 
position of the wall may provide possible methods of chemical attachment 
for substances as reactive as fatty acids, and especially unsaturated fatty 
substances. Secondly, the solubility of the fat compound in an aqueous 
medium affects its mobility, so that sodium, potassium, and magnesium 
soaps of fatty acids should move fairly readily along a cellulose wall satu¬ 
rated with water, while calcium soaps would be immobile. On this account 
the ratio of the bases present in the soil may . be expected to affejet the 
thickness of the cuticle. Lastly, many of the fatty substances contain 
unsatiirated fatty acids, which are liable to undergo rapid change in the 
presence of oxygen, oxidissiiig and condensing to varnish-like substances 
insoluble both in water and fat solvents, for which reason intercellular air 
spaces may affect considerably the accumulation of fatty substances within 
the tissues. 

^ The invariable appearance of, a cuticle in the Angiosperm shoot indi¬ 
cates that, as differentiation begins, these fatty substances move freely 
along the . walls until they, reach the-surface, where they form a film, which, 

: undergoing condensation and oxidation, gives'rise to a rigid layer. 

In botanical literature the cuticle is usually said to consist of ^ cutin k 
The chemical composition of the cuticle is dealt with in a second paper, but 
"for present pui'-poses it is sufficient to point out that cutin is not a chemical 
entity;. it is a name for an, aggregate of substances varying in, specific com¬ 
position, but occurring always, at .the,,same place in the plant,,and having, 
the sarne: generalcharacters'(I'/). The'experimental work described inthis 
ksecond paper supplies,, evidence-in'Support of the view that cutin,is best 
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understood as a mixture of fatty acids with other substances which has 
undergone oxidation and condensation during its exposure to the ain 

From this standpoint the term cuticle can be used with some precision5 
and at a later stage, when the cuticle of the Filicineae is under discussion, it 
will be pointed out that it is no longer possible to justify a somewhat more 
general use of the term in certain classic texts dealing with plant anatomy. 
By the cuticle is understood throughout a superficial fatty deposit upon the 
plant, giving definite microchemical fat reactions as described in the next 
section and distinct from the cellulose layer of the epidermal wall upon which 
it is deposited. Intermediate lamellae, often called ' cutinized layers may be 
distinguished between the cellulose wall within and the continuous fatty 
deposit without. In these lamellae a cellulose matrix is more or less 
heavily impregnated with deposits of fatty substances. 

In the next section the structure and microchemistry of the cuticle 
will be considered as a preliminary to a brief discussion of its occurrence in 
the vascular plant. 

2. The Structure of the Epidermal Wall and Micro¬ 
chemistry OF the Cuticle. 

As pointed out by de Bary ( 1 , p. 76), in the majority of cases the 
cuticle may be regarded as a superficial deposit covering the outermost 
layer of cells, the epidermis, but fairly sharply delimited from it, par¬ 
ticularly in young or short-lived epidermal layers where the cuticle does 
not reach any great thickness and has no cutinized Ia3^ers (Fig. i). The 
epidermal cells form a close-fitting pavement of tabular cells which have 



Fig. I, Pistmt saiiviim. Transverse stem of seedling, third node, x 600. 

each an internal cellulose lamella and a middle lamella, and over which is 
the fatty deposit, either spread evenly or thickening where it lies over the 
line of the middle lamella lying between two contiguous epidermal cells. 

The cuticle shows the sharpest differentiation in microchemical 
behaviour from the cellulose lamella of the epidermal cell below. Since 
cellulose is'.hydrolysed^'and: ultimat^^ dissolved by such reagents .as 70 per 
cent, sulphuric' 'acid, zinc chloride dissolved in hydrochloric''acid, and 
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Schweitzer^s reagent, while the cuticle remains practically untouched by 
their use, .the latter can thus be obtained as a thin film on which can be 
traced the outlines of the underlying epidermal cells. 

If hydrolysing agents such as concentrated zinc chloride or 70 per cent, 
sulphuric acid are only allowed to act for a short time on sections of the 
epidermis, subsequent treatment with iodine .reagents shows the hydrolysed 
and swollen cellulose layer stained blue, whilst the unswollen cuticle stains 
yellow. In many cases, this staining reaction is more readily obtained if 
the sections are first boiled for a short time in alcoholic potash, when 
a general slight impregnation of fat is removed and the cellulose walls left 
more accessible to the action of the hydrolysing reagents. 

On the other hand, in a young epidermis the cuticle is less resistant to 
alkaline hydrolysis than the cellulose wall, and can frequently be removed 
by prolonged boiling in aqueous potash (see Fig. 35 c of Aloe verrucosa in 
de Bary (1), loc. cit., p. 74), still more readily by boiling in alcoholic potash. 
This is equally true of an old cuticle like that on an old leaf of Ilex aqui- 
folium^ L., but more boiling is necessary, and the cuticle is made much more 
resistant if the section is previously treated with sulphuric acid or zinc 
chloride to hydrolyse the cellulose. The cuticle is, in every case, less resis¬ 
tant to oxidizing agents than the epidermal cell walls, and may be removed 
from them by soaking in either eau de Javelle (alkaline hypochlorite) or 
Schultze’s macerating fluid (potassium chlorate dissolved in concentrated 
nitric acid). 

Various staining reactions are given for cuticle in text-books of plant 
histology (see especially Zimmermann ( 34 ), MoHsch ( 13 ), Tunmann ( 27 )). In 
practice we have found the most satisfactory to be Sudan III, used as 
a one per cent, alcoholic solution added to an equal volume of pure 
glycerine. Sections are heated in this reagent on the microscope slide until 
the alcohol boils, when the fatty layers stain red. With delicate cuticles 
the layer often melts to form globules before the staining reaction is com¬ 
plete, In these cases use has been made of Nile blue sulphate and 
of dimethylaminoazobenzene. 

For microtome sections of paraffin-embedded material prolonged 
staining in an alcoholic solution of cotton red (supplied by Flatters and 
Garnett, Manchester, under the name of gossypamine) has been found most 
satisfactory. The cotton red stain is held by the cuticle after it has been 
washed out of the other tissues by alcohol. 

Van Wisselingh ( 32 ) has applied to the cuticle wall the same micro- 
chemicar methods of study as he employed with so much success upon the 
fat-impregnated walls of cork and endodermis. His experiments, which we 
have repeated with concordant results, lead to the following conclusions : 

"The'■■'cuticular flayer.■ ,isa, fet-containing pellicle which' is entirely free 
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Unlike the suberiii lamella of the cork oak ( 31 ), no phellonic acid can 
be liberated from the cuticle by heating with alkali and then 
acidifying. 

3. Maceration in 10 per cent, potassium hydroxide in either water or 

glycerine divides the fatty substances in the cuticle into those 
forming water-soluble globules of soap and those remaining behind 
Insoluble (Figs, aa and %b), 

4. By first macerating with potassium hydroxide at ordinary tempera¬ 

tures, and then treating with dilute hydrochloric acid or sulphuric 
acid, fatty acids melting below 100° C. are liberated from the 
cuticle. The fatty acids are soluble in alcohol and ether. 
Lamarliere has examined the cuticle of various plants (10), using 
reagents which stain pectic substances. His results indicate the presence of 
pectic substances most strongly in the epicuticle, L e. the outermost fatty 



layer. The pectic reaction diminishes in intensity from this layei towards 
the cutinized layers and the internal cellulose layer. 

Using his reagents, i. e. ruthenium red, aqueous 1/5000 ; potassium 
ferrocyanide ; copper ferrocyanide and potassium bichromate, on the cuticles 
of the leaves and petioles of XHscum L., Syringa %ndgaris^ L., Plan- 

tago major^ L., and Crataegus Oxyacantha, L., this result could not be con¬ 
firmed in any case. The middle lamella between the ceils of epidermis and 
cortex stained consistently, but in no case did the outermost layer of the 
cuticle stain strongly, though in some cases the cutinized lamella gave 
a" distinct pectic reaction, 

3. The Distribution of the Cuticle. 

The synthetic activity of the, meristematic protoplast appears to be 
inseparably associated with the release of a certain amount of fatty sub¬ 
stances ( 16 ), which are liberated at the surface of the protoplast during the 
'subsequent vacuolation and differentiation of the cell Probably, therefore, 
:m> every "relatively massive ' tissue/fats are available suitable for cuticle 
formation, but a cuticle is not necessarily formed. 

■ , In'the Thallophyta,Tbr instance, the majority of the : algae/are'sub- 
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merged aquatic plants without a typical cuticle. Probably^ as the fats 
reach the surface of the submerged thallus, they form soaps with the 
inorganic katioiis present in the surrounding medium. When these are 
sodium, potassium, or magnesium soaps, they dissolve in the siirroiinding 
water, but in predominantly calcareous waters the insoluble calcium soap 
may accumulate until it forms a characteristic feature of the wall (Pearsall 
( 15 ), loc. cit., p. 271). 

Church (( 3 ) loc. cit., p. 30) makes the statement that ' no such sub¬ 
stance as cutin occurs in the equipment of marine phytobentlioii, though 
many plants may show obvious indications of a laminated external mem” 
brane, which presents all the general appearance, and may be readily 
stripped in sheets from the adjacent tissues 

This is readily understood, as in the submerged algae, although soaps 
may accumulate at the surface, in the absence of continuous exposure to 
dry air, the oxidation and condensation of the fatty acids to a continuous, 
varnish-like membrane cannot be expected. 

Many of the large fungi grow normally in air, but very little informa¬ 
tion is available as to the presence of fatty deposits in their walls. In 
general a study of the literature suggests that, in the fungi, the fatty sub¬ 
stances are usually retained within the cell, the different nature of the wall 
possibly restricting the extent to which fat migration takes place to the 
surface of the plant. 

With the normal growth of a thallus upon land, as in the Bryophyta, 
there is less opportunity for the removal of soluble soaps, and more for the 
condensation and oxidation of the fatty acids. A superficial investigation 
shows the presence of a marked pellicle, staining with Sudan III upon the 
surface of thalloid Liverworts and Mosses, and microchemically this layer 
has all the appearance of a cuticle ; macrochemical observations are as yet 
unavailable. 

In the Pteridophyta, the suspension of the stele of Selaginella in an 
air chamber traversed by endoclermal trabeculae ksupplies an interesting 
demonstration of the dependence of cuticle formation upon air. The cuti- 
ciilar deposit upon the surface of the stele between the trabeculae is con¬ 
tinuous and well marked, quite as much so as the cuticle deposited upon 
the outer surface of the stem. 

" In the Equisetaceae, the amount of fat present in the epidermis with 
its siliceous incrustation seems to be slight, and neither carinal nor vallecular 
cavities are lined with fat deposits. The Equisetaceae, like the Ophio- 
''glossaceae,' seem' tO' release, minimal quantities of fats,from the developing 
.tissues* ,,, 

" In the' Fillcineae,'so far.as an examination of British species and a few: 
;greenhDuse.'plants''perm.its, generalisation,'there are three cases to be dis-' 
TItaguished.,.'' 
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In the Ophioglossaceae, a minimal amount of fat seems to be released 
by the metabolism of the protoplast. The result is that no suberin deposit 
is ever formed within the endodermis, which contains simply the fat- 
impregnated Casparian strip (Mager ( 12 )), and the cuticle, though present, 
is always very thin. 

In the Marattiaceae and in the Leptosporangiate Fiiices, larger supplies 
of fat are released from the protoplast. In the former, where there is often 
no endodermis, most of the fats accumulate at the epidermis ; in the latter 
the secondary endodermis, laid down at an early stage of development, is 
the main repository of fat, while the cuticle remains thin and even in some 
cases incomplete (Radcliffe and Priestley ( 24 )). 

This statement of the distribution of the cuticle within the Pteridophyta 
differs from that of de Bary ((1) loc. cit., p. 77), who describes Selaginella 
and the Ferns as having the walls of the epidermal cells ‘ cuticularized all 
round h This interpretation is not accepted because the ‘brown-walled 
epidermis ’ of de Bary does not fall within the category of fat-impregnated 
layers, but owes its special properties to modifications in the carbohydrate 
constituents of the wall (see p. 54a). 

In the Angiosperm the young embryo maturing within the seed is fre¬ 
quently covered by a very thin fat layer, which, with careful staining, is 
seen to be continuous over cotyledons, plumule, and radicle. But immedi¬ 
ately upon germination a striking difference is to be noted between the fate 
of the fats in shoot and root. In the shoot from the beginning they reach 
the surface, even at the meristematic apex ; in the root the fatty substances 
take longer to reach the surface of the protoplasts and escape to the walls, 
and in their migration outwards they are invariably stopped before they 
reach the surface. Some fat is accumulated in the endodermis, but in the 
majority of roots still more is deposited upon the walls of the exodermis. 

This difference in position of fatty deposit can be associated with 
differences in the chemical composition of the wails of the developing 
tissues of shoot and root (21 and 28 ), and is already determined during the 
maturation of the embryo. The region where transition takes place between 
the cuticle of the shoot and the surface of the root Is usually sharply defined 
(the collet of Compton ( 4 ) and Sterckx), and experiment has shown that 
when so defined it is impossible to alter its position in some seedlings, as in 
Cucurbit a Pepo, L. (Fig. 3). 

In Ricinus communis^ L., there is a long transition region, and by 
growing the seedling with its stem underground it is possible to increase 
the numbers of exodermal cells above the hypocotyl. In Vida Faha^ L., 
and Pisnm sativum, L., there is a similar indefinite area in which cuticle 
predominates at the upper end, and exodermis towards the lower. The 
distance at 'which'the cuticle appears down the root can be yaried,.by.;a: few;'; 
millimetres by growing the whole seedling in the light, and'in the,'.case'' of. 
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Pisum stomata have occasionally developed about half an inch below 
the junction of the cotyledons where the internal structure is definitely 
that of the root (Fig. 5). These changes are relatively slight in contrast 
to those reported by Costantin (6) in his investigation of the difference 
between iiiidergrouiid and aerial stems. In Vida Faha, L.j Costantin 
found that a young shoot grown underground has the walls of its external 
layers of cells invaded by a brownish red substance which coloured red 
with fuchsin, as does the cuticle of the aerial stem. Many of his 



Fid, 3. Cuatrhiia. Transition from cuticle to exoclermis. 

Figs, 4ct and 4/^ satlvztm. Transverse section of stem, x 400. 41a;, First node ; primary 

eiKlodermis present. 4/>. Fourth node ; primary endodermis absent. 


experiments have been repeated, and leave us in no doubt that the 
changes in the stem, produced by growing it underground, do not include 
the;formation of a typical exodermis which stains red with Sudan JII,, 
asTn the case of suberin and cutin. In a shoot grown in the soil the 
cuticle remains thin as in an etiolated stem, until by abrasion with soil 
particles, and removal of some of the fats* as soluble soaps, it is broken 
down and practically disappears. The superficial cells now undergo con¬ 
siderable change, frequently ending in their death and disintegration, and 
parallel with these changes their walls discolour, owing to the deposition of 
acid humus-like substances, which stain with many basic dyes but give no 
typicalfat reactions, and,;'so cannot be regarded as forming exodermal cells. 

As'previously mentioned,'in;'the Angiosperm' stem grown Jn the,, light 
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there is no endodermis or exodermis, so that all fats ultimately appear in 
the cuticle. External conditions can modify this distribution of fatty sub¬ 
stances, Although it seems impossible to provide conditions in which 
a root will grow without forming an endodermis, the shoot grown in the 
dark, in many species, develops a primary endodermis (Priestley and Ewing 
( 18 )), but not an exodermis. -Some of the fatty substances being thus 
arrested in the Casparian strip, it is natural to find that the outicle is thinner 
than in the normal shoot. This feature of the etiolated shoot of Pistmi 
sativum is illustrated in Figs. 4a and 4b. It will be seen that the dis- 
appearance of the endodermis at the higher level of the etiolated shoot 
coincides with a thickening of the cuticle. 

The cuticle can always be traced right over the meristematic apex of the 



Fig, 5. Pisum sativum. Transverse section, half inch below hypocotyl, of root of seedling 

grown in light, x 600. 


developing shoot, although thin and easily removed in the youngest region 
by solution in fatty solvents. As the shoot increases in volume the original 
cuticle will be greatly stretched, but since it grows in thickness more fat 
must migrate out to it. Sometimes the addition of additional fat causes the 
cuticle to wrinkle, the wrinkles appearing first over the radial walls of the 
underlying cells (Figs. 6 a to 6^). In other cases, presumably because of 
its continued solution in the substance of the original cuticle, the only sign 
of the continued addition of fat is the gradual thickening of the cuticle. 
The following data show the increase in thickness of the cuticle on the stem 
of Jasminum sp.: 


A. Ste7n of 07 ie yeaPs grotvtL i,e. last year s ttvig- 


Internodes. 

I (oklest)~3 
,4-11 
11-14 
' ^5 


Thickness in of ctdicle. 


10-12 fi) 
10 \ 

8-30 ) 

8 i 


Fat in snbepidermal wall (Fig. 7). 
No fat in snbepidermal walls. 


B. Stem of present year s growth (July 1923). 


Internotks. 

1 (oldest) 

:' 2 ', 

: 4 


6 

4-6 

4 

3-3 


Thickness in of cuticle. 

Hairs disappear. 

Hairs present on stem. ■ 
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As the cuticle grows older ic becomes less soluble in fatty solvents, 
and also loses its power of dissolving additional fat. If after this stage is 
reached fat still passes out from the interior tissues, it accumulates behiiicr 
the siirhice layer in the cuticularized layers, then in the radial walls of the 



Fig. 6 . 


Fig. (irt* Vkia Faba. Seedling, x-|. Primary endodermis present below position marked 6. 
Figs, (~)h-d, Vida Faba. Stages in the development of the cuticle on the stem of the seedling 
shown in Fig, (>a. The numbers 1-3 correspond with those of Fig. 6« and indicate the level at which 
the section was cut. X330. 

Fi cis, Vida Faba, Section of stem at lower levels than those of Figs. ()b-(l The numbers 

4-6 correspond with those of Fig, 6 a and indicate the level at which the section was cut. x 230. 




Fig, 7. Jasminum, Transverse section of last year’s twig at middle of fifteenth node, x 420. 

epidermal cells, forming pegs (Fig. 8, petiole oi Ribes rubrum, L.), and 
finally, in some cases, as \xi Jasminum, may form a continuous layer of fat 
completely surrounding the cavity of the epidermal cells, which by this 
time have probably lost all cell contents (Fig. 7). The above data show 
how the later inward development of the cuticle takes place after the 
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outer layers have practically ceased increasing in thickness, since twelve 
is approximately a maximum thickness for Jasminum cuticle* 

Another result of the thickening and hardening of the fatty layer illns- 
t.mted by the Jasminum stem is the complete cessation in hair formation. 
The hairs (Fig* 9 ) form from an epidermal cell, covered by a thin elastic 
cuticle, in the youngest internode and remain for a short time. The gap 
left in the cuticle after the hair collapses is quickly filled in by the rapidly 
thickening cuticle. 

De Bary (loc. cit., p. 29) talks of the epidermis as the layer that pro- 



S. Fig. 9. 


Fig. 8 . Jlides nibriini. Transverse section of petiole; grown in soil containing no calcium. 
iMote the pegs between the epidermal cells, x 470. 

Fig. 9, Jasminum. Transverse section 01 stem, showing capitate hairs, x 500. 



h IG, 10. Peach, Transverse section of stem, showing stoma with fatty deposit lining the walls 

of the air cavity, x 500. 

dnces the cuticle. It is true that the epidermal cell frequently loses all its 
contents, and that the fat it contained will be found in the cuticle ; but the 
way in which this thickens in many plants indicates that a large proportion 
of the fat reaches it by migration from inner tissues along the walls. Such 
migration must take place when walls, and to a certain extent intercellular 
spaces, are bathed in sap, otherwise the fats would dry and condense upon 
the walls in passage. Rarely, such a process does take place, with the 
formation of cuticular patches bordering internal intercellular air spaces (de 
Bary, loc., cit, p. 215). 

As the herbaceous stem grows older and bears a larger leaf surface, the 
losS: of moisture from this leaf .surface tends to draw off, the sap. irrigating 
the cortical tissues from the vascular strands. As a result the fatty 

• . N' n 



536 Lee and Priesiley.—-The Plant Cuticle, L 

deposits accumulate like a tidal deposit as the sap recedes from the walls 
just below the stomatal cavity ( 22 ). Successive tides recur^ as exudation 
pressures increase again at night and dimmish in the day, and these gradually 
lead to the accumulation on the floor of the substomatal cavity of a thin 
layer of fat resembling cuticle (Fig. 10). 

This fat deposit is frequently very thick just at the margin of the 
guard-cells of the stoma. 

Within the superficial region local regions of fat impregnation are 
very occasionally found, especially in thick-walled cells. A very striking 
phenomenon is shown by Vitis vinifera, L. In the young shoots of this 
plant no fatty deposits are present in the cortex, but later in the summer 
there occurs a very wide and diffuse impregnation of the walls of the 
cortical tissue with fat, and immediately afterwards a pericyclic cork 
phellogen springs into activity just at ,the inner limit of the fat-impreg¬ 
nated cortex, 

4. The Formation of the Cuticle in Relation to External 

Conditions. 

External conditions will obviously play a large part in determining the 
nature and extent of ciiticular deposits, if these are the result of a chain of 
processes involving migration of fatty substances on to and along the plant 
wall, and their subsequent oxidation and condensation at a surface in con¬ 
tact with the air. In the present section, therefore, the influence of external 
factors will be considered in the light of earlier, and of some additional, 
experimental data. 

External Conditions acting upo?i Fat Mobility, —The movement of 
fatty substances to the wall from the protoplast involves the question of 
the relative permeability of the plasmatic membrane, too large a subject to 
discuss here, but the data in the literature (Stiles ( 25 )), although by no means 
always in agreement, suggest that the permeability of the living membrane 
may be affected by the environment. The subsequent movement of the 
fatty substances along the wall, will partly depend upon two factors: the 
nature of the fat, and the state of combination in which it is present. 
^ Fats ’ can be classified as fats or oils according to their mobility at normal 
temperatures. Oils, on the whole, are more readily and finely dispersed 
in an aqueous medium, so that their movement through the framework of 
>a carbohydrate gel is readily facilitated. 

The state of combination of the fats in the wall is mainly a question of 
the relative solubilities of the different soaps formed by the fatty acids. 

' Potassium,magnesium, and sodium soaps are relatively soluble, calcium'soaps 
/■ 'insoluble.''' ';,'''T ''result ,'that ■may be expected is to: find ;the'mobility"'of,: the 
' fat, and', as' a consequence, the thickness■ of, the cuticle,' controlled by the rela- 
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tive proportion of potassium, sodium, and magnesium ions to calcium ions 
present in the soil solution. On this point there are not many data avail¬ 
able, but, through the kindness of Professor Barker, we have been able to 
examine the cuticles of the fruit trees used in the maiiurial experiments of 
Wallace ( 29 ), who has described fully the conditions under which they were 
grown. Some of the data thus obtained are given below, and certainly 
support the view that increase in the proportion of potassium is followed by 
greater mobility of fats and therefore increased thickness of cuticle, whilst 
increase in calcium diminishes the mobility and results in a thinner cuticle. 


Plant. Part examined. 

Thick* 

ness of ciiiide. 

Ribes grossuiarid, L. Petiole of old leaf. 

A. 5*6/i. 

B. 6*0 y. 

Prmms dofnesiiea, L. ,, ,, 

6 -r y. 

7.0 y. 

Ribes nigrum, L. j? jj 

9.6/i. 

io>5y. 

A. No potassium in manure. 



B. No calcium in manure. 




A'^oie, Each figure is the average of ten different measurements. 

The above measurements were made in 19^:2. In 1923 measurements 
were made of the thickness of the cuticle of the petioles of leaves taken 
from bushes of Rihesglossularia^ L., and Ribes nigrum, L., grown under the 
same conditions as before (see Wallace ( 29 )). 

Plant. Pari examined, 

Ribes grossuiaria, L. Petiole of leaf from seventh 

node from the tip of the 
twig. 

Ribes nigrmn, L. Petiole of leaf from ninth 

node from the tip of the 
twig. 

A. No potassium in manure. 

B. No calcium in manure. 

C. Receives normal nutrient solution. 

A^aie, Each figure is the average of ten different measurements. 

These hgures again show that an increase in the ratio of calcium to potassium in the soil 
results in the'^formation of thinner cuticle (A), while a decrease results in the formation of a thicker 
cuticle (B). 

As discussed in an earlier section, this ' basic ratio' will affect cuticular 
deposits in aiTother and inverse way where, as in submerged aquatics, these 
are liable to the continuous leaching out of soluble soaps. This effect was 
very well shown in some experiments with, the cotyledons of Pisum saiwimty 
L. The peas were first soaked in water and then slices cut from the coty¬ 
ledons and the cut surfaces immersed in different solutions as follows : 

T. Pure water. 

2. o- i N solution of calcium nitrate in water. 

3. 0*1 N solution of potassium nitrate in water. 

After several days’ immersion' in these solutions the cut surfaces'were 
'■examined'.with the'following results': 

'' ' I.' .Water. . 'Fats; were: present in the-walls of the. surface layers'; of cells.; 

The contents ha-d disappeared" from so.me of th'e unde,rlying;'''Ce'il.s^^^ 

' N n'2 '. 


Th ickness of c itikk. 

A. 6.4 yt., 

B. 9.5 y. 

C. 7-6 y. 

A. 4.7 y, 

,:-E. 5.9 y, 

C. 4.2 y. 
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% 0*1 N calcium nitrate. Heavy fat deposits were present in the walls of 
the surface layer of ceils. Very little of the cell contents had disappeared. 

3, 0*1 N potassium nitrate. No fat deposits were present in the walls of 
the surface layer. Many of the underlying cells were empty. 
Evidently the fats had formed potassium soaps and dissolved in 
the water, and under these conditions, the water having free access 
to the cells, loss of their contents followed. 

Some Potamogetons collected by Dr. W. H. Pearsall from natural 
waters of known composition were available for examination, and as the 
results given below show, particularly for P. pusillns^ the thicker cuticle is 
in this case found in the water containing most calcium. 


Species of 
Potaviogeton. 
P, piisillus 
P, piisiiius 
P. perfoiiatus 
P. ianceoiaius 


Salt p 7 'edQmiyiant 
in water, 

Ca 

K 

Ca 

K 


App^’ox. dia¬ 
meter of stem, 
700 
500 jU- 
2500 /A. 
2800 p .. 


Thickness 
of cuticle, 
4.0 p . 
i-gp. 

3-7 

1-3 p. 


The presence of a cuticle on an aquatic Aiigiosperm may seem at 
variance with the explanation given above for its absence from submerged 
Thallophyta, but the former is a plant with a continuous system of internal 
air spaces, in which the air is practically in equilibrium with the gases dis¬ 
solved in the surrounding water, and therefore with the external air* Under 
these conditions the fats accumulating at the surface are probably fairly 
readily oxidized, though the cuticle must always remain relatively little con¬ 
densed *and subject to loss by solution of soaps into the surrounding medium. 

External Factors and Cntictdar Changes. —When the fats have reached 
the surface of the plant, light exerts an effect on the chemical changes pro¬ 
ceeding in the fat, though the mechanism of its action is as yet unknown. 
The changes are, presumably, photocatalytic and relatively rapid in nature. 

One of the fatty acids derived from suberin, phelionic acid, gives a very 
characteristic reaction with iodine and sulphuric acid, and Miss Rea observed, 
in this laboratory, that after a few hours’ exposure to the da3dight this 
reaction disappeared. In the case of cutin, no fatty acid with such a 
characteristic reaction has been isolated to permit experimental investiga¬ 
tion of the action of light, but the following experiment certainly suggests 
that the oxidation, and probably the condensation, of the fatty acids is facili¬ 
tated by light. ' 

Gelliilose plates were made by dissolving filter-paper in Schweitzer’s 
reagent and reprecipitating the cellulose with hydrochloric acid. After 
thoroughly' washing; the, precipitate free of copper and acid, and compressing 
it into plates, a film of oil extracted by chloroform from radicles of .'Vicm. 
' Faba '^ ,L., 'was then spread "over three such plates and they'were left: ■ 

'.I'tTn'sunlight m.^a'cloSed-Petrirdish.. 

In the dark .in' a wooden'box in a closed Petri" dish.' ■ 
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3. Under a beli»jar in darkness, in an atmosphere of coal gas. 

After leaving for several days sections of the cellulose disc stained 
with Sudan III showed in: 

I, A firm film of oil not melting when the reagent was heated on the 
slide until the alcohol solvent boiled, firmly attached to the cellu¬ 
lose and veiy resistant to the action of such fat solvents as ether 
and chloroform. 

3. The fat layer was more readily dissolved and less attached to the 
cellulose. 

3, The layer of 01! was very little changed from its condition when 
placed on the cellulose. 

The displacement of oxygen by coal gas in 3 has effectually prevented 
the oxidation of the oily him, but a comparison of this with the other two 
suggests strongly that light has accelerated the rate of oxidation as with 
the fats in the cuticle, and that subsequently the layer of oxidized fats has 
condensed to a varnish-like film, firmly adhering to the cellulose. 

Wm. S. Cooper ( 5 ), working on the broad scierophyll vegetation of 
California, has measured the thickness of the cuticle on the upper and lower 
surfaces of leaves taken from habitats of increasing moisture and decreasing 
light intensity. The results of averaging his measurements of many cuticles 
are given in the following table : 

Upper Cuiick. Lqw&t Cutkk, 

Light intensity decreasing i. Climax chaparral 6*26 ju. 5’3 3fe. 

with increase in moisture 2. Broad scierophyll forest 4*312*06/^. 

from I 104. 3. Redwood forest under- 3*52/i. 2.04/i. 

growth 

4. Deciduous species 0*91 ft. 

From the results of his work he concludes that the thickness of the 
cuticle varies as the decrease in moisture and the increase in light intensity. 

It is true that for the same plant grown under these different condi¬ 
tions, the cuticle would thicken as the air dried and the light increased, but 
this generalization cannot be applied to all plants, since other factors are 
concerned. 

Plants vary in the amount of fat they contain. Heath plants synthesize 
large quantities, and this results in the formation of very thick cuticles on 
their leaves and stems from the young stage onwards. On the other hand, 
■a plant that has little fat in its metabolism can only form a thin cuticle. 

That oxygen is necessary for the proper formation of the cuticle is 
undoubtedly true, but confirmation by experiment with the growing plant 
is difficult to obtain. The original fat deposit at the surface of a tissue is in 
every way comparable with the fat deposit, usually termed a suberin layer, ' 
which precedes cork formation at the surface of injured tissue, and' in this' 
case'the experimental;evldeoce: is conclusive, in favour of , the need; of oxygen', 
for its formation .(Priestley and Woffenden,( 22 , 23 )). 
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That oxidation is proceeding during the formation and maturation of 
a cuticiilar deposit is suggested by the low iodine numbers obtained for the 
chloroform soluble fats from the cuticle (see second paper) compared with 
such numbers as Lewkowitsch gives for vegetable oils (11). 

Other evidence for this oxidation process is given by a comparison of 
the iodine number of the chloroform soluble fat of the cuticle of outdoor- 
growii rhubarb and that of the cuticle of forced rhubarb grown in warm, 
dark, damp sheds under conditions unfavourable to condensation. 

Iodine number. 

Outdoor grown 40-43 

Forced rhubarb 90-91 

The oxidation processes involved in the cuticle will be complicated in 
nature, but undoubtedly light is thrown upon them by investigations such 
as those of Coffey (2). Oxygen probably enters at the double bond, and 
further oxygen taken up leads to the splitting off of volatile acids and 
water. Traces of acids of low molecular weight have been found in the 
cuticle, as will be described in the second paper. The loss of water resulting 
in the further condensation of oxyacids to the peculiarly resistant ‘ linoxyn ’ 
class of substance is the reaction which seems mainly responsible for the 
production of the most characteristic properties of cuticle, and explains why 
the hardening is so very dependent upon the humidity of the air. 

As to this fact there is no doubt. Tittmann (26) noticed thephenome- 
non in his experiments upon regeneration of cuticle, describing the regene¬ 
rated cuticle as ‘ weaker * when formed in a moist atmosphere under a bell- 
jar. The phenomenon is well shown in etiolated plants where differences 
in light are excluded. With many species, if these are grown in a moist 
atmosphere, the endogenous root initials freely formed at the nodes are 
able to burst through the soft cuticle, but with the same cuticle formed in 
a dry atmosphere these show only as white patches, slightly pushing up 
the relatively tough cuticle, but unable to penetrate it. This lack of resis¬ 
tance on the part of the ‘soft ’ though not necessarily thin cuticle formed in 
a very moist atmosphere, to internal swelling forces due to turgid tissues, Is 
one of the factors that has to be considered in arriving at a causal explana¬ 
tion of all proliferations involving epidermal tissues, as in the many forms of 
intumescence reported at different times. 

5. The Effect of the Cuticle upon the Plant. 

The fact tliat the cuticle covers the Angiosperm shoot from its earliest 
stages means that it will have certain effects upon its course of development. 

Water IS probably slightly soluble in the original fatty acids, but pene- 
,'trates withTess. ease,, the, Hnoxyn-like- products^that resultfrom' their, drying. 
As might , be expeGted, thereforej. the^amount of water vapour lost from the' 
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plant through the young cuticle diminishes as the cuticle gets older. 
These facts require little experimental support, but the following data, 
obtained with forced and outdoor-grown rhubarb petioles, are cited (particu- 
lars of the nature of the cuticle on such petioles will be found in the second 
paper). 

Ten pieces of outdoor-grown and ten pieces of forced rhubarb, with 
a diameter of i-a cm. and a length of 5*5 cm., were cut and' their ends 



Fig. II. Graph showing relative rates of drying of A, outdoor-grown rhubarb; 

B, forced rhubarb. 

sealed with Spenwood’s liquid cement to prevent loss of water. These were 
put into desiccators and left to dry over anhydrous calcium chloride. They 
were weighed every day. The numbers are an average ' for the weights of 
ten pieces, and give the differences of weight between each day's weight 
and the original as percentages of the original weight (Fig. ii). 


:■ Tim& of tueighiiig. 

Loss in 

Oiiidoor . 

weigki. 

FoT'ced. 


Outdoor 

7*32 ■ ■ 

20*11 


Every day at 6,o p.m, , 

12*02 

' 2.^87 

Average weights , 

For eight successive days ■ 

15*26 

26*15 

■ of pieces,, , 

iS'2r 

29.33 

Outdoor— "4.,! grm»: 

Forced' ■ 

21.49 

' .3 2 *'03 

■Forced ,=5''3.6,,, 

' Every day, at lO' , 

. 2 5*5 * 



For seven'successive, days 

2S.S3 

58,44 


31*63 
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These data show that loss of water from the celluiose wall underlying 
the cuticle must be considerably impeded by its presence. In the next 
paper it will be shown that these cellulose layers just beneath the ciitickj 
probably owing to their long exposure to light in a relatively dry atmosphere, 
have so far undergone condensation that about 30 per cent, of the celluiose 
resists hydrolysis by prolonged boiling in 10 per cent- sulphuric acid. If 
the cuticle had been absent it is probable that the desiccation of the cellu¬ 
lose would have gone still farther, and it is suggested that it is exactly this 
condition of affairs that explains the development of what de Bary calls the 
brown cuticle of the Leptosporangiate Ferns- Here the original fat deposit 
is so slight that it can hardly be traced in the adult rhizome, but chemical 
condensation has proceeded so far in the walls of the outer layers that they 

are composed of an extremely resistant 
cellulose that, in addition, is impregnated 
by condensation products of tannins, giving 
it its dark brown colour. 

At quite an early stage in the growth 
of the Angiosperm the layer of cuticle is 
changing from an oily film to a resistant 
varnish. Consideration suggests that the 
time of this change will be of great im¬ 
portance in reference to the development 
of epidermal structures. The varnish-like 
stage is resistant to stretching. Willows 
and Alexander ( 30 ) show that when por¬ 
tions of a mature cotton hair are soaked 
in alkali, the cellulose swells out at the cut ends of the length of hair, instead 
of forcing up the cuticle. They conclude that 'the force required to move 
a substance like cotton cellulose along a narrow-bore tube of the diameter 
of the fibre must be enormous and that this ' demonstrates the great rigidity 
and strength of the cuticle h 

The cuticle on the leaves and stems of most plants grown under normal 
conditions is sufficiently rigid to maintain a regular tabular form in the cells 
of the epidermal layer by preventing their extension, while the epidermal 
cells of an etiolated stem, or a stem grown underground, are large and 
irregular, in some cases resembling root-hairs (Fig. 12). The epidermal 
ceils of a ■ seedling of Pisum sativum^ L., grown with four inches of its 
stem underground so that it was under root conditions, grew out to form 
' root-hairs \ since no resistance was offei'ed to them by the cuticle. 

Obviously these considerations might throw light upon the occurrence 
of hairs upon the , epidermis,: the formation of the hair requiring the exten¬ 
sion of the epidermal "cell at a stage'when the' xuticle is still uncondensed. 
Such considerations can be. applied, to. differences of hair pattern as described ' 



1 ^. .Pistim saiimim. Trans¬ 
verse, section of stem of seedling taken 
at a point two inches below the surface 
of the soil Note the appearance as 
of root-hairs of some of the epidermal 
cells whose cuticle is broken. 
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by Yapp ( 33 ) in Spiraea Ulmaria^ where the hairs, instead of being spread 
over the whole of the lower leaf surface, in many leaves are restricted to 
a region in between the veins. Teleologically, this can be explained as 
being a region where excessive transpiration is most effective and first pro¬ 
duces indication of withering. On the other hand, during leaf development, 
such regions midway between the veins are probably less exposed, so that' 
the cuticle dries at a later period in development. This slowness in 
development of cuticular rigidity might be responsible for the hair pattern 
developed by the leaf. 

It is particularly in the leaf with its large surface in proportion to its 
mass that the cuticle may prove an important factor in causal anatomy. In 
other work in this department, we have been led to consider an early and 
thick cuticle as associated with a small and but slightly expanded leaf 
(Priestley and Hinchliff ( 19 ) on peat plants), and in conclusion we would 
tentatively raise the question as to the possible relation of the typical histo¬ 
logy of the leaf to this factor. Strongly insolated leaves always have 
palisade parenchyma stretched at right angles to the surface. This is 
usually regarded as being directly connected with the light incidence, but it 
is open to question whether the fact that, in such a leaf, further lateral 
stretching of the cuticle ceases to be possible at an early stage in develop- 
ment may not have the result that, when the palisade cells stretch, their 
elongation perforce takes place at right angles to the resistant cuticular 
surfaces. 


6 , Summary. 

I. The development, structure, and distribution of the cuticle is studied 
from the standpoint that the fats migrating from the protoplasts of both 
external and internal tissues, may find their way on to the walls during 
differentiation and then along the walls to the surface, where they contri¬ 
bute to the cuticle. 

3 . Microchemically the cuticle is characterized' by its capacity to 
stain with fat stains, its great resistance to acid hyd'rolysing agents, and its 
ready oxidation by alkaline or acid-oxidizing agents. 

3 . The cuticle forms a continuous layer outside the cellulose wall 
of the epidermal cell; beneath it may be present cellulose ‘cutinized 
■lamellae" impregnated, with fatty' deposits. 

4. The cuticle is normally present on the surface of leaf and shoot of 
the Bryophyta and all vascular plants. ■ Certain peculiarities of its distribu-, 
tion in the 'Pteridophyta are briefly indicated. , 

,;5. .The continuous development ''of'the- cuticle in the Angiosperm .shoot" 
is described,'and supplies "evidence that the cuticle is thickened' by, fatty; 
substances migrating along the walls^'fiom intei'ior tissues.^ "ItS'" absence'' 
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from the root is determined by differences in wall structure and develop- 
mentj already present in the growing points in the embryo and little affected 
by external conditions during germination. 

6. The mobility of the fatty substances in the walls may be modified by 
external conditions which thus affect the thickness of the developing cuticle. 
This thesis is supported by reference to the cuticles on leafy shoots supplied 
with varying ratios of potassium to calcium. 

7. On the other hand, in submerged water plants the presence of 
a high proportion of potassium to calcium produces a thin cuticle, because 
the soluble potassium soaps leach out into the surrounding water. 

8. Light and humidity affect the thickness and consistency of the 
cuticle by their influence upon the oxidation and condensation of fatty 
acids, processes involved in cuticle formation. 

9. The presence of the cuticle influences the rate of evaporation from 
the plant, and thus, indirectly, the degree of condensation undergone by the 
cellulose wail beneath. This consideration appears to throw light.upon the 

brown epidermis ' of the Ferns. 

ic. The cuticle resulting from chemical condensation in dry air is 
very resistant to stretching forces. As a result the rate of condensation 
during cuticle development may affect the appearance of epidermal out¬ 
growths such as hairs. 

II. It is suggested that the subsequent extension of parenchymatous 
tissues, such as the palisade parenchyma of the leaf mesophyll, may be 
affected in direction by the resistance to stretching of the cuticiilar surface. 
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On the Structure of Spyridia filamentosa, (Wulf.) 
Harv., and the Affinities of the Genus. 


BY 
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With ten Figures in the Text. 

* AMONG the better-known forms of Florideae, there is scarcely a genus 
concerning the true affinity of which do I find to-day more diverse, 
opinions expressed than Spyridia^ 

So wrote J. G. Agardh in 1897, in his eighty-fourth year, when he 
returned to a consideration of the genus after more than one previous 
discussion (Agardh, J. G., 1851 , 1876 , 1880 , 1897 ). 

The position assigned to Spyridia by modern writers is that in which 
Schmitz placed it In 1889 in his ‘ Systematische Uebersicht der bisher 
bekannten Gattungen der Florideen \ where the Spyridieae form one of the 
fifteen subdivisions of the family Ceramiaceae. 

The criterion upon which Schmitz based his system of classification 
was, first and last, the development of the cystocarp from its inception to its 
maturation, Schmitz had not himself investigated the case of Spyridia at 
the time of the publication of his ‘ Untersuchungen fiber die Befruchtimg 
der Florideae’ in 1883, diagnosis of the group Spyridieae by 

Schmitz and Hauptfleisch in Engler and Prantfs Pflanzenfamilien (1897) 

„ there does appear some account of the procarps and ripe cystocarps, 
though it is only slight and inadequate, and without illustration of 
any kind. 

Under these'circumstances it seemed to me that it might be useful to 
make' a careful examination of the type-species S, which grows 

freely on the coast of Anglesey, and to give such an account of the^ structure 
of the thailus, and particularly of the cystocarp, as might fill up some of the 
' gaps ill our knowledge of the genus, and perhaps thro'w more light on'its 
: systematic" position. 

■ ' r Aanals of Botany, Vol. XXXVm. No. CLL July, 1924.3 
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The geographical distribution of .S. filamentosa and of the other 17 
species which have been admitted by Agardh ( 1897 ) into the genus seems 
to indicate that it belongs to an ancient stock, well marked and widely 
spread. 

The coast of Anglesey is the most northern station in which S. fila^ 
mentosa has been found. It appears afterwards on the south coast of 
England and the coast .of France, then in the Mediterranean, the Red Sea, 
and the Indian Ocean. It is plentiful on the Atlantic coast of North 
America, from New England to the West Indies. It also occurs at the Cape. 

Among localities from which other species of Spyridia are reported are 
Senegambia, Australia, Ne\v Zealand, and the Sandwich Islands. Schmitz 
and Hauptfleisch express the opinion that some of the species described by 
Agardh may be found to belong to other genera, but as the vegetative 
structure and the form of the cystocarp in the type«species are very 
characteristic, and as all the other forms were carefully compared with it 
by so great an authority as Agardh, with the experience of years, it is 
hardly likely that they do not fall into the same genus with the type. It 
must also be remembered that Agardh had already discarded as many as 
17 out of the iza species of Kiitzing ( 1849 ). 

T. filame7itosa, like most other Florideae, occurs in three forms, viz. male, 
female, and tetrasporiferous. It is, to use the term introduced by Svedelius 
( 1915 ), diplobiontic, and the sexual and asexual generations will no doubt 
be found to alternate regularly. It exhibits what Oltmanns ( 1904 ) has 
called the central-thread ’ type of structure in contradistinction to his 
‘ fountain ’ type. Outwardly, it somewhat resembles Polysiphonia^ in that 
each ceil of the central thread appears to be surrounded by a number of 
elongated cells looking very much like the * siphons * of that genus ; inwardly, 
it is more Ceramiuwzfin that each cell of the central thread is distended 

into a more or less spherical contour. It is, however, different in structure 
from both these genera. 

In the tufts of S, filamentosa it is easy to distinguish between axes of 
limited growth and those of unlimited growth. 

The former are the ‘ filaments ’ to which the species owes its specific 
name, given by Wulfen and adopted by Harvey. Arising, apparently, one 
from each cell of the axis, close behind the apex, these filaments at first 
possess a typical apical cell of their own, \vhich ceases, however, to function 
aS' SUch 'when it has cut off about a. score of axial cells. It then becomes 
transformed into the acuminate apex of the appendage, reminiscent of 
a similar condition in the whorled appendages oi Chara, The three or four 
'■ cells near the base of the filament are'smalland without cortex.,' ThosC' 
farther mp are broader, and are imperfectly, corticated by the , production of 
a circlet, of'small ceI,ls''frGtn'the ripper rimof the axial cells, v' ■ This,'condition,,' 
;;:;,yery closely'Tesembles'',that ■ of all the axes ■ of the^'incompletely';,'corticated 
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species of Ceramitim, and predisposes the observer to see at first a relation¬ 
ship between Spyridia and that genus, which is not confirmed by further 
observation. Cerammm has really no such appendages as Spyridia^ which 
are limited in growth and later fall off. Some species of Polysiphonia, on 
the other hand, possess lateral appendages, which have been called leaves’, 
but which possess no cortication and drop off very early. 

The function of these appendages is no doubt assimilatery, and they 
thus constitute the nearest approach to leaves in both structure and function. 
Their insertion in the main axes by a narrow basis makes them sway with 
every movement of the water. It also facilitates their fail when they have 
served their turn. Like leaves, they are crowded on the younger parts 
behind the apices, while the older parts are completely divested of them. 

In their limited growth and attenuated apex these filaments are some¬ 
what like the lateral appendages of Dasya^ but there again they are without 
cortex and are branched (Phillips, 1896 ). 

Among the axes of unlimited growth it is possible to distinguish 
between main and subsidiary. S. filamentosa is caespitose in habit, tufts of 
freely-branched axes arising from a common spongy cushion of rhizoids 
attached to the solid substratum. The main axes grow with greater vigour, 
the lateral subsidiary axes with less active growth in length, not a difference 
in kind, but just the difference between the leading and lateral branches, say, 
of an elm tree. Agardh has tried to find in Spyridia axes of three kinds— 
rami, ramuli, and ramelli. The ramelli are the filaments, but I can see 
no essential difference between rami or main axes, and ramuli or sub¬ 
sidiary axes. 

I do, however, find a difference among ramuli or sub^^liary axes. 
First there are those which arise in regular acropetal succession behind the 
apex, and those which arise later mostly in parts denuded of filaments, in 
no regular succession, and which might be called adventitious. It is such 
branches that give rise to procarps, and later become transformed into the 
cystocarps. 

It will be remembered that in Rhodomela snbfusca and Polysiphmiia 
elongata, after a period of vigorous .vegetative development, the plant is 
■ stripped of its smaller vegetative axes, and' later buds forth numerous 
adventitious branches ; upon these, the reproductive structures, male, female, 
and neutral,, are crowded, ' In S, filamentosa^^YiAQ, the antheridia and tetra- 
sporangia are found on the axes of limited growth solely, the procarps are 
found, at any rate mostly, on these adventitious branches' of unlimited 
growth. That is to say, the condition which is more or less fixed in the two 
Rhodomeiaceae,'is found' in an incipient stage in Spyridia. ■Fertilization 
' failing, I believe that these'fertile adventitious branches may grow forward 
: in a .purely,,vegetative,fashion.;, 

■ At the apex' oF one of the vegetative axes' of unlimited growth, there' 
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will be observed a conspicuous dome-shaped apical cell, from the base of 
which ceils are cut off in the form of very thin circular discs which are con¬ 
cave forward. From the last-formed disc back to the older parts, every 
step in the curious mode of cortication occurring in the genus may be made 
out The first segment to be cut off from one of the axial cells immediately 
behind the apex is one which gives rise to the appendage of limited growth. 
Then, according to Cramer ( 1865 ), as many as 13 other cells are cut off 
peripherally in a remarkable order of succession, right and left of the seg¬ 
ment bearing the appendage, until the whole periphery is covered with 
pericentral cells, or what Cramer calls primary cortical cells. The figure 
displaying this curious scheme of segmentation is reproduced by Oltmanns 
(1904)« Cramer also claims to have made out that the angular distance 
between first segments cut off from successive axial cells, 
i. e. between successive appendages, is of the peri¬ 
phery, so that the 14th appendage stands vertically above 
an appendage numbered i. These 14 cells ultimately 
form a circlet round the upper end of the axial cell 
when it has become elongated by growth, as the elonga¬ 
tion seems to take place mainly in the basal part of the 
cell As this elongation proceeds, each of the 14 primary 
cortical cells of Cramer buds off two cells below, which 
lengthen pari passu with the axial cell and set up 
a secondary pit connexion with the alternating cells of 
the circlet next below, so that each primary cortical cell 
above is joined by these means with two such cells of the 
series next below. These cells, about 28 in number, 
joining the cells of one circlet to those of the next, eventually attain a length 
many times as great as that of the primary cells, which hardly lengthen 
at all, and constitute the system of ‘ siphons ’ which makes Spyridia super¬ 
ficially somewhat resemble a Polysiphonia^ although the f siphons ^ of the 
latter genus arise in a quite different manner. In Polysipkonia the * siphons' 
abut against those of the next articulation, in Spyridia they are interrupted 
by the circlet of short cells at the node consisting of just half the number 
of the ^ siphonsIn no Ceramkmi either, does the cortication at all resemble 
the first stage of cortication in Spynddia, for in that genus the primary 
cortical cells bud above, as well as below, and in no such regular pattern 
as in Spyridia. A single joint of Spyridia consisting of a spherical central 
cell crowned with 14 primary cortical cells, and invested with 28 secondary 
siphons, no doubt suggested the name, from Gr. Spyridion—d. basket. 

This finst stage of cortication in Spyridia much obscured in 

the older parts by a copious growth of hypha-like ceils, which arise from 
both the'"'primary'and secondary cortical ceils.' These eells' insinuat e, the'm-' 
selves in the common mucilaginous wail between the cells of the original 
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corteXj and later on, even outside it, so as quite to obliterate the, original 
pattern and to add greatly to the thickness and therefore strength of the 
axis. When, however, such an axis is cut across in the older parts^ the 
original 28 siphons may be counted approximately round the axial cell, 
with numerous sections of superposed rhizoid-like cells on the outside. If, 
however, the section is made at the node, the half-number of primary 
cortical cells may be counted, similarly superimposed with hypha-Iike 
threads. 

To those who look in the structure of the thallus for indications of 
affinity, there is no safe clue forthcoming 
from a study of Spyridia. Its method 
of cortication of the axes of unlimited 
growth is peculiarly its own, and though 
the cortication of the axes of limited 
growth certainly resembles that of Cera- 
mimn^ it occurs upon structures which 
have no exact counterpart in that genus. 

Before leaving this reference to the 
vegetative characters, I might mention 
the curious trichomes which belong to 
S. filamentosa. They are found mostly 
on the cortical cells of branches of limited 
growth, and bear a curious resemblance 
to the trichogynes, but seem to arise on 
any part of the exposed surface of a cell 
and often more than one on each. They 
cannot be detected at all in dried material, 

and it is only in well-fixed material care- when mature, x 250 m. 
fully handled that they can be properly 

made out. They are extraordinarily attenuated and of great comparative 
length, but in stained material the thin thread of protoplasm, continuous 
with that of the cell upon which they arise, may be traced throughout. In 
the form named by Kiitzing .S. villosmsmla^ it is no doubt these trichomes 
which give the villous appearance to the cortex of the filaments. Agardh 
does not admit 5 '. villoshiscida to specific rank, but merges it Into S. Jita-- 
meniosa^ and certainly the type-form' is not devoid of them. J have, thought 
that their function'is respiratory.. If 'they are' growth-forms, it would be 
interesting' to ascertain the, conditions under which they grow in such 
p'rofusioii', as in Kiitzing’s plant.;' 

'The' antheridia, of .S. jilafnentosa have been, described and' figured by 
' Farlow:,,( 18 '? 9 )',and'' Buffham ( 1888 ). I do not find' that' the' condition 
,affords '''any:'''cIue ',to ,relationship.- / Like the tetrasporangia, they occur only 
on the filaments,'or axes 'of limited. growth. ' The Tact that the tetraspor- 
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angial mother-cell protrudes from the ring of cortical cells, even before the 
tetraspores appear, constitutes a contrast to the condition in Polysiphonia 
and Ceramium, where the tetrasporangia remain immersed until the matura¬ 
tion of the spores. 

To come now to the development of the cystocarp, which is, by general 
consent, the critical matter for purposes of classification, I would point out 
that I have already identified the axis which becomes transformed into the 
cystocarp as an adventitious axis of unlimited growth. It is, to use the termino¬ 
logy of Agardh, a transformed ‘ramulus^ and not a transformed ^rameilush 
Like the filaments, they arise at the nodes, but are seated more firmly on the 
supporting axis, with a strengthening cortication at their very inception. 

If now the apex of such a branch, which has produced about a score of 
axial cells, but which is nevertheless still very minute, be examined with 
a high power it will be found already to have produced one or more, some¬ 
times a series of procarps (Figs. 3,4, and 8). From the apical cell there are 
cut off cells which are destined to become alternately what we may call 
sterile and fertile axial cells. By a sterile axial cell is meant one which does 
not give rise to a procarp, and a fertile axial cell is one which does. If an 
axial cell is destined to be sterile, it cuts off first a cell which gives rise to 
an axis of limited growth, i. e. a filament, and afterwards a whorl of cells, 
which to the number of 7 or more grow outwards to form in course of 
time a branching system. These cells no doubt correspond to the primary 
cortical cells of the vegetative axis, and the branched systems derived from 
them to the immersed cortex. Here however the branches radiate outwards 
in the common distended mucilage, though still immersed. If an axial cell 
is destined to be fertile, it cuts off 4 pericentral cells (corresponding again 
to the primary cortical cells), one of which gives rise to a 4-celled carpogonial 
branch. This branch with the supporting pericentral is what is termed the 
procarp. I have figured a case of such a procarp-bearing axis (Fig. 3), the 
2nd cel! of which (counting the apical cell as number i) is undivided; the 
3rd cell has given rise to the first 2 cells of a branch of limited growth; the 
4th cell has cut off a pericentral cell which is initiating a carpogonial branch ; 
the 5th cell is sterile and has produced an appendage of 6 cells overtopping 
the apex ; the 6th cell is fertile, with a carpogonial branch, the trichogjme. 
«of which has emerged beyond the surface ; the 7th cell is sterile, has pro¬ 
duced an appendage of 15 ceils as well as several pericentral cells ; the 8th 
cell i$ fertile, with 3 undivided pericentral cells and i with a carpogonial 
... .branch and 'a greatly elongated, trichogyne ; the 9th and loth axial cells are 
respectively sterile and fertile. I have found an even greater number of 
procarps than 4 as figured, and believe that when fertilization is delayed 
..'''..'the.m may"' be .considerable. ’ .It will be observed that the axial cells■ 

..', ''Which give'-rise' to' procarps are sensibly smaller than' those" which'give'.:'"rise' 
to sterile branches, and it, is possible to detect, this'alternation.'of..siz.e ;at 
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a point below that at which the oldest carpogonial branch can be dis¬ 
tinguished among the luxuriant sterile growths. I have tried to determine 
the order which is preserved in the succession of carpogonial branches, and 
in the succession of branches of limited growth, but though it is certain 
such an order exists, I have not been able to make it out The trichogynes 
emerge on all sides, and the carpogonial branch has the same curious double 
curvature which is found elsewhere. With regard to this curvature, while 
it doubtless serves to keep the carpogonium within easy reach of the point of 
origin of, the branch, it probably is brought about by the circumstance that 
while the base of th&. branch is a fixed point, so also is the point of emer¬ 
gence of the tricliogyne, and the enlargement of the cells of the branch 
between these points involves a curvature which is the greater the more 
they enlarge. Looking down on the cells of this branch from the surface, 
they seem to overlie one another in a crowded curve. 

With regard to the fertilization, it may be asked whether more than 
one carpogonium may not become fertilized on the same axis. It is prob¬ 
able that this is so, but I have never been able to discover, in a more mature 
cystocarp, evidence that more than one act of fertilization is efiective in the 
production of carpospores. This is probably due to the fact that a great 
demand for nutritive material is involved in the consequences of fertilization, 
so that even if a second fertilization occurs nothing comes of it after the 
initial stage. The same question arose in the case of Delesseria sangumea^ 
where the procarps were much more numerous, but there also I found that 
only one fertilized procarp matures in the cystocarp. 

The first effect of fertilization is no doubt here as elswhere the fusion 
of the male and female nuclei in the carpogonium, though the methods of 
treatment which I have adopted have not admitted of direct observation 
of the nuclear movements (Fig. 4). A secondary effect can, however, be 
observed in all cases. It is the formation of an exceptionally large 
auxiliary cell with which the carpogonium soon conjugates. This cell is 
■either the pericentral cell supporting the carpogonial branch or a cell derived 
from it on the upper side towards the carpogonium. Analogy with many 
other cases would seem to suggest that it is the latter alternative which 
holds good, but, if so, the auxiliary cel! itself is so voluminous that the peri¬ 
central from which it is cut off must be small by comparison ; and although 
I have, as I think,, made out the existence of this smaller residual cell , in 
'some'of my ■ preparations, it is . not easy tO'distinguish ,it in'all cases,, and 
I am inclined to think it may’fuse again with the auxiliary at a later stage* 
The auxiliary cell lies', over the shoulder of the axial cell within the ,.'curve 
of the carpogonial. branch, in, close contact with the carpogonium, with which 
I ■ liavq' found"it in^open' communication. Its' appearance at this stage is 
','quite' remarkable'.-'.'after:t'r,eatment with ■ giyc'e.ri,n.e. The", 'wall is unusually 
'.thick, as are also ','those of the cells of the carpogoma! "branch, so' that the 

', o o',a . 
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group of cells, consisting of the pericentral cell, the auxiliary, and the cells 
of the carpogonial branch, seems isolated among the surrounding tissue by 
a common swollen mucilaginous investment. 

While the fertilization of the carpogonium and its conjugation with the 
auxiliary are taking place, the three other pericentral cells of the fertile 
joint begin to develop, though this is long after the pericentral cells of the 



Fig. 3. For description see text ; semi-diagrammatic, adapted from drawings taken by means 
of tbe camera liicida. The walls of the cells are greatly swollen by treatment with glycerine, 
and the protoplasts in consequence stand mucli farther apart than they do in nature. The carpo¬ 
gonial branches are obliquely hatched. 

Fig. 4. Semi-diagrammatic. The procarp on the eleventh joint from the apex has been 
fertilized, the primary auxiliary (dotted) cixt off from the pericentral cell, and the three secondary 
auxiliaries (of which only two—*dotted also—are shown in the figure) have put out conjugation 
tubes (haiistoxia) reaching the primary auxiliary. On the right the "secondary auxiliary has budded 
off the first cell of a gonimoblast fascicle, x 200 ca. 

sterile joints above and below have all developed a copious branching, over¬ 
arching a space opposite the fertile joint, unoccupied as yet save on the side 
on which the procarp lies (Fig, 4). Within this space the three^ pericentral 
cells now divide into a large outer cell and a smalUnner one. ’ The large 
outer cells now grow a beak-like conjugation process in the direction of the 
auxiliary cell, with which they are by this means put into open communica¬ 
tion. This is easy in the case of the two cells which lie right and left of 
the auxiliary, but seems diflficult in the case of the third, which lies on the 
opposite of the axial cell away from the auxiliary. I have satisfied myself, 
however, that this conjugation with the auxiliary takes place in the ease of 
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the second cells derived from all three pericentrals. The conjugation tube 
derived from the ceil opposite the auxiliary reaches clean over the shoulder ■ 
of the axial ceil It would seem as if the auxiliary cell exercises a chemi- 
tropic influence, calling forth the formation of these tubes, and the appear¬ 
ance presented at this stage is very remarkable and unlike anything which 
has yet been described in other Florideae. 

I may anticipate here by stating that it is these three cells which put 
out conjugation tubes, and these alone which later give rise to the g*onimo- 
blast filaments upon which the carpospores arise. 

It would seem, tfierefore, that they must be regarded as auxiliary cells. 
If so, there are four auxiliary cells, one primary, conjugating with the 
carpogonium, then remaining passive, three secondary, actively initiating 
conjugation tubes which reach the primary and then become the seat of 
the origin of the sporogenous threads (Figs. 4 and 8). 

We may assume, I think, from the researches of Oltmanns ( 1898 ) and 
Yamanouchi ( 1907 ) that the diploid nucleus formed in the carpogonium is 
transferred to the primary auxiliary, where it divides, and from which in 
turn there is supplied, by means of the conjugation tubes, at least one 
diploid nucleus to each of the secondary auxiliary or placental cells. 
A large and conspicuous nucleus is very characteristic of these placental 
cells immediately after the conjugation has been set up. 

From each of these three auxiliaries there now grows out ivhat in 
time becomes a dense fascicle of filaments (gonimoblasts) ending in monili- 
form chains of carpospores to the number of several score to each fascicle. 
While these fascicles are forming, the fertile branch, or cystocarp as we may 
now call it, is distended outwards and upwards, becoming thereby, owing to 
the local pressure of the fascicles, somewhat 3-lobed5 with the morphological 
apex, which has ceased to grow after fertilization, depressed between. 
During the course of this development the appendages of limited growth 
are gradually shed, remaining only at the base as a sort of involucre. 

The' maturer stage has been accurately figured by the Crouan brothers 
in the ' Florule du Finistere ^ (i 867 ) (Fig. 10). 

I may note here that Schmitz and Hauptfielsch, in their diagnosis' of 
the Spyridieae, speak of the cystocarp as being at first 2-lobed, and later^*** 
3- or several-lobed. I have always found it 3-lobed. 

; The figure of .the mature cystocarp given by Farlow ( 1879 ) and 
'reproduced by Hauck ( 1885 ) . requires explanation. .It is represented as 
deeply''.2-Iobed, but as In one of the lobes,,an. axial row of cells is shown, It 
does not"correspond.'to' one, of the lobes of, which I, have spoken already,, 
where of course there ca,ii'be nonsuch axial row of cells. The explanation,.' 
is "Simple.■ I 'have frequently found , arising, from, the stalk of , a ,' procarp-;" 
bearing,.'branch,,:' immediately^; below The:'.point,, at. which :it'takes 
'formation of procarps,'another such procarp-bearing branch. 'have,:;,';^en.. 
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found three such branches abutting against one another. In the case figured 
by Farlow two such branches have grown pari passu, and were each probably 
obscurely 34obed3 though that cannot be made out in the figure. It is,, 
really a double or twin cystocarp and not a single a-lobed cystocarp, 
Agardh ( 1897 ), in comparing his own figures of the cystocarp in the^ 

' Florideernes Morphologi' ( 1879 ) with that of Farlow, declares that any one 
might suppose they belonged to different plants. In dealing with S.biamm- 
lata, a form near to S, filamentosa, Agardh found the cystocarp to be with¬ 
out lobes and subglobose. However, in opposita, a species supposed to 
be more remote from S. filamentosa, Harvey ( 1858 ) found a 3-lobed 
cystocarp and three ‘ nuclei i. e. fascicles of carpospores. 

Again, from Farlow's figure it might be supposed that the whole axial 
row of cells becomes sporogenous. As I have said, I have never found more 
than one axial joint concerned with spore-production, and then the sporo¬ 
genous fascicles do not arise directly from the central cell, but from the three 
placental cells which I have described as secondary auxiliaries. 

It follows from what has been said that the sporogenous threads are 
wholly distinct from the sterile threads within the embrace of which they 
are contained during the maturation of the carpospores. I cannot but 
regard the Figs, ia and 13 of Agardh in PL XVI of the ‘Florideernes 
Morphologi L where sporogenous threads are shown in organic connexion 
with sterile threads, as due to errors of observation. It is true, as I have 
shown, that frequent anastomoses occur between cells of the sterile threads, 
but I have never seen an anastomosis of a cell of a sterile thread with one 
of a sporogenous thread. Agardh's figures of 5 . biaiimdata and S. cupres- 
sina in Continuatio IV of his ‘Analecta algologica' ( 1897 ) leave the same 
impression of organic continuity of sterile and fertile threads, but in these 
foreign species at any rate he was probably working with difficult dried 
material. 

With regard to the whorled branches derived from the sterile central 
cells, it has to be noticed that a curious anastomosis occurs by which the 
second cells of the lateral branches above grow downwards and set up an 
anastomosis with processes which grow upward from the whorl of branches 
below the fertile joint. The derivatives of the fertile central cell do not 
thus share in the anastomosis, but, owing to the arching outwards of the 
anastomosing threads, are left isolated in a central spherical space contain¬ 
ing the fertile central cell and its derivatives (Fig. 8). 

The walls of the cells of the maturing cystocarp are exceptionally 
mucilaginoos and swell up readily on treatment with suitable reagents. 

, 7 '; '■The'surface of the cystocarp,,or pericarp, consists ,of the terminal cells' 
of the ,Sterile'''branches.'A tenacious pellicle comparable with the cutklc' of 
subaerial plants," delimits' the ■' whole, „ The cystocarp during maturation,' 
gradually changes' frO'in:'being' Cylindrical to ellipsoidal, with. an apical tip, 
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Figs, 5 , 6j 7 . Purely diagrammatic. ' 5 'represents an 'early stage of a, fertile joint, corre¬ 
sponding'to Fig, 3,;, ,6, the stage of conjngation of.'the three secondary auxiliaries .with the 
primary,, corresponding tO' Fig. .4'; 7,. the stage when the gonimoblast fascicles are. developing 
from the secondary auxiliaries, corresponding to Fig-S. Markings as before. 

Fig*' 8.'A more advanced stage, where the .gonimoblast filaments have become :a con-', 
..spicuous fe'atnre."' The'conjugation tube, on the left has' disengaged itself from "the"primary 
auxiliary..' The procarp-bearing branches 'abo've are developing vegetatively ; no conjugation tube.s 
are .shown. They are recognizable, how^ever, owing' to their late development among the' branches 
of the'sterile joints above and below*..;.'. X 350.'ira. " 
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the centre of divStension being the fertile joint. Later the three swelling 
lobes bulge outward and upward, immersing the organic apex in a depression 
between the lobes (Fig. lo). There is no stomiiim, the carpospores being 
set free|by the rupture of the surface pellicle and the dissolution of the 
contents. I am inclined to think that the carpospores escape in three dense 
fascicles, from which the individual spores escape later one by one. 

With regard to the derivatives of a fertile central cell, where no fertiliza¬ 
tion takes place, or, if it does take place, where no further development 
ensues, I believe that the pericentral cells revert to the vegetative condition, 
and, growing out sterile branches, share in the formation of the cystocarp 
(Fig, 8). As, however, they do so much later than the corresponding cells 
above and below, they are distinguishable for a while and seem to promise 


Fig. 9. Fig. 10. 

Fig, 9. Showing a small-celled brancli arising from a secondary auxiliary, probably not a 
gonimoblast fascicle, but a sterile derivative of the auxiliary, which arose prior to conjugation and 
was thrust aside by the more vigorous gonimoblast fascicle, x .^00. 

^.:j*i», FiG. 10. Vertical section of ripe cystocarp adapted from Figs. 4 and 106, PI. XV, of Crouan’s 
^ Florule dii Finistke ^ 

the formation of fascicles of carpospores, but, as I have said, I have never 
found more than three such fascicles in a mature cystocarp (Fig. 7); 

I have seen some evidence that, in the case of a fertilized joint, conjuga¬ 
tion of the secondary auxiliaries with the primary auxiliary takes place, in 
some instances, after these secondaries have already^ begun to branch in 
a vegetative way. After conjugation, however, they branch much more 
vigorously, and the sterile products which they had produced before are 
thrust aside (Fig. 9). The new branches which Agardh describes as growing 
from the base of the fascicles of sporogenous filaments are probably such 
sterile products, for it seems to me that the carpospores for the most part 
mature together, and not in a continuous crop or successive crops, as Agardh 
and'.Bornet supposed. ■ 

To consider now the taxonomic position of Spyridia in the additional 
light here thrown upon the structure and development of the cystocarp. 

In the first place, if emphasis is to be laid on the fact that the secondary 
auxiliaries send;out, processes; to reach, the primary auxiliary, instead of the.' 
' reverse process,' meta-ooblastemata by'' the first 

auxiliary, then it is impossible'to'find a place" for Spyridm '2.t all in. the 
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existing schemes of classification, for no such process has hitherto been 
observed among Florideae, as far as I am aware. 

The object sought is no doubt the transference of diploid nuclei from 
the first auxiliary to the three of the second order, or placental cells, and the 
processes emitted by the latter are no doubt of the nature of haustoria. It 
is difficult to conceive of the protoplasmic movements involved in the 
process it is true, but as it is only after this suctorial process is completed 
that the placental cells can give rise to carpospores, it is certain from all 
analogy that diploid nuclei reach the placental cells. Let us assume that 
what happens is only the reversal of the process of the formation of meta- 
ooblastemata. If cells having a mutual chemical attraction lie sufficiently 
close together, it is conceivable that either or both may initiate a conjugat¬ 
ing process. The varying modes in which zygospore-formation may occur 
among Conjugatae suggest such possibilities. Spyridia would seem to have 
stereotyped the production of the tubes by the placental cells. Where now 
on this assumption is Spyridia to be placed ? 

On the ground of structure it is natural to look for an alliance with 
Ceramiaceae. Agardh, however, on wider grounds, rather favoured the 
alliance with Rhodomelaceae. I have shown that its cortication is unlike 
that of Ceramimn, much less Polysiphonia. And from what is now dis¬ 
closed as to the intimate structure of the cystocarp, it is clear that it has no 
near relationship to either, or indeed to any of the families of the Rhody- 
meniales. Like them it has a fixed procarp with an auxiliary formed after 
fertilization, but unlike them it has also secondary auxiliaries which are 
seats of spore-formation. 

Distinct groups of carpospores resulting from one act of fertilization 
occur both among Cryptonemiales and Gigartfnales (using the latter term in 
the sense in which Oltmanns uses it in ‘ Die Algen ’ and not in the Schmitz- 
Hauptfieisch sense). In the latter, however, there is a well-defined procarp 
such as is found in Spyridia, and on that and other grounds it is among 
Gigartinales that I would look for an alliance for Spyridia, 

Agardh at different times compared Spyridia with Ceramimn, Poly- 
siphouia^ Aresclwngia^ and Wrangelia, I have spoken of the relationship to 
the first two genera. Aresckougia is a genus of the Rhodophyllidaceae,.an 
order of Gigartinales, but it is difficult, judging from Agardh's figures of the 
cystocarp, to see the likeness with Spyridia, 

With regard to Wrangelia we know, as the result of Zerlangs ( 1889 ) 
researches, following those of Bornet ( 1880 ), that the result of the fertilization 
of one procarp, is communicated, to the basal cell of other branches of the same, 
whorl and ultimately similar, cells of other whorls above and below. It is; 
,not inconceivable that Spyridia may be a highly'specialized' condition of, 
what is diffuse in, Wrangelia, , Instead, of producing procarps ,on€''''to,, each' 
whorl as in Wrangelia us suppose the procarp production'■ is,' 'Co'nfi','ned '',to 
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alternate whorls* Instead of finding auxiliaries in several whorls, let us 
suppose them reduced to three in the same whorl. Instead of spores 
arising as it were from a kind of hyrnenium as in Wrangelia^ let us suppose 
them localized in three fascicles. There is no great difficulty in finding 
resemblances in the vegetative characters of Wrangelia and Spyridia, 

It would be tedious to examine the other cases of a discrete cystocarp 
resulting from one act of fertilization. I cannot find in any of them a close 
resemblance with Spyridia with its three definite auxiliaries located in the 
same whorl of branches as the procarp. 

It is, I admit, a far cry from Spyridia to Wrangelia, but in default of 
a better suggestion I would provisionally place Spyridiaceae as a distinct 
order alongside Wrangeliaceae in the cohort Gigartinales Oltmanns). 


Summary. 

I. Spyridia, from its wide geographical distribution, would seem to be 
an old and well-established stock. 

3 . The mode of cortication of its main axes does not suggest a close 
affinity with Cerantium or Polysiphonia, 

3. The procarps occur on adventitious branches of unlimited growth^ 
whose elongation, however, is arrested on the fertilization of a procarp. 

4. The procarps arise singly on alternate joints of the main axis, and 
consist of a’ 4-celled carpogonial branch arising from a pericentral cell. 
Only one such procarp on a whole axis gives rise to spore-production. 

5. An auxiliary cell arises after fertilization, from the pericentral ceil, 
with which the carpogonium fuses, but which is not the seat of spore- 
production. 

6. The second cells of the three other branches on the same joint act 
as secondary auxiliaries, and send forth haustoria which penetrate to the 
first auxiliary, and afterwards become seats of copious spore-production. 

7. The cystocarp is, when mature, 3-}obed3 corresponding to the three 
fascicles of carpospores. 

8. Spyridia. has no near affinity with Ceramiaceae or any Rhody- 
meniales, and it is suggested that provisionally it should be given ordinal 
position alongside Wrangeliaceae in the cohort Gigartinales \sensu 
GItmanns).■ 

I am grateful to my successor, Professor Thoday, for his courtesy in 
affording me accommodation in his laboratory for the purpose of continuing 
thisbmvestigatioiib/;;'^'' 



filcnnentosa, [Wu/f.) Harv., and the Affinities of the Genus. 561 


Bibliography. 

Agardh, J. G. ( 1851 ) : Sp-, Gen. et Ord. Algarum, vol, ii, pars i. Lundae, iS5i,p. 33S. 

2. ----— ( 1876 ) : Ibid., vol. iii. Epicrisis Sys. Flor. Lipsiae, 1S76, p, 266. 

3. - (ISSO): Ibid., vol. iii, pars ii. Morphologia Flor. Lipsiae, iSSo, p. 217. 

4 - ( 187 . 9 ) ; Florideemes Morphologi. Stockholm, 1879, P* PL-XVI, Figs. 

n-17. 

5 . -—- ( 1897 ) : Analecta algologica, Continuatio 4. Lundae, 1S97, p. 4. 

6. Bornet, E,, et Thuret, G. ( 1880 ): Notes algologiques, fasc. ii. Paris, 1S80, p. 1S3, 

PI. XLVIll. 

7 . Buffham, J. H. ( 1 S 8 S) : On the Reproductive Organs, especially the Antheridia of some 

Florideae. Joiirn. of the Queckett Mic. Club, vol. iii, series ii. London, 1S88. 

8. Cramer, C. ( 1865 ) : Phys.-syst. Unters. iiber die Ceramiaceen. Neue Denksch. der alig. 

Schweiz. Ges. f. d. ges. Naturwiss. Zurich, 1865. 

9 . Crouan, P. L. et H, M. ( 1867 ) : Florule du Finistere. Paris, 1S67, 

10 . FARROW, W. G. ( 1879 ) : Marine Algae of New England and adj. Coasts. Washington, 

1S79, p. 140, Pis. X and XII. 

11 . Harvey, W. H. ( 1858 ): Phycoiogia Australica. London, 185S-63, PL CLVIII. 

12 . Hauck, F. ( 1885 ): Die Meeresalgen DeutschlandsundOesterreichs (Rab., Kryp.-Fl.). Leipzig, 

1S85, p. 114, Figs. 40 and 41. 

18 . KtiTZiNG, F. T. ( 1819 ): Species Algarum, Lipsiae, 1S49, P* ^^ 5 * 

14. Oltmanns, F. (1904) : Morph, und Biol, der Algen. Jena, 1904 , vol. i, pp. 5 S 9 - 90 . 

15 . ■-( 1898 ) : Zur Entwickelungsgesch. der Floxideen. Bot. Zeit., Jahrg. 56, II. 

16 . Phillips, R. W. ( 1896 ); On the Development of the Cystocarp in Rhodomelaceae. II. Ann. 

Bot., 1S96, PI. XII, Fig. 3. 

17. Schmitz, F. ( 1883 ) : Untersuch. liber die Bef. der Florideae. Sitzungsb. der Berl. Akad. der 

Wisseiischaften, Berlin, 1SS3. 

13. -( 1889 ): Syst. Uebers. der bisher bek. Gattungen der Florideen. Flora, Heft v« 

Marburg, 1S89. 

19. -- — •and Hauptfleisch ( 1897 ): Engler and PrantPs Natiirliche Pdanzenfamilieii, 

Teil i, Abt. ii, p. 499. 

20 . SvEDELius, N. (1915): Zytologisch-entwickelimgsgesch. Studien uh&i .Scinaia fiirceiiaia. 

Upsala, 1915. 

21 . Yamanouchi, S. ( 1907 ) : The Life-history of Chicago, 1907. 

22 . Zerlang, O, E. ( 1889 ) : Entwickelungsgesch. Unters, iiber d. Florideen-Gattungen Wrangelia 

11. Naccaria. Flora, 18S9. 




The Staling of Fungal Cultures. 

I. General and Chemical Investigation of Staling by 

Fusarium. 

BY 

CLARA A. PRATT, M.A. 

(Deparh/ieni of Plant Physiology and Pathology^ Imperial College of Science and Technology^ 

London^ 

With one Figure in the Text. 

Contexts. 

PAGE 

Introduction.564 

Historical. 564 

Experimental Methods ..569 

Exhaustion of Food : 

{d) The Effect of Dilution of the Stale Medium . . . . . . . -571 

(/>) The Effect of Dilution of Fresh Richards’ Solution . . . * . . 572 

(f) Quantitative Determination of Sugars. . . . 572 

Changes in the Medium other than Diminution in Nutrients . , ... 573 

I. Treatment of the Staled Medium : 

(i) The Effect of Boiling.. . ,574' 

(ii) The Effect of Restoration of the Hydrogen-ion Concentration . . . 574 

(iii) The Combined Effect of Acidifying and Boiling . . . . . . 575 

(iv) Extraction with Ether...■ ' 575 

(v) Oxidation . ' . ... . . ... . . • ,» • 577 

(vi) Adsorption of the Toxic Substances . . . . . . . . 57S 

II. , Chemical Investigation : 

(i) Stale Medium.. . . , ' ' . . .■ ,579 

(ii) Distillate . , ..... . . . . . ' . . . , . 579 

(iii) Ether Extract , . ... . . . • , * • . • . * *.' 5^0 

(iv) The Organic Acids formed by .. ... . . . . 581 

(v) 'The, Cr}'sta.ls in the Stale Medium ■ . . . • . 584 

. (vi) .Estimations of Ammonia i. ., . . - . ... . ' . - 585 

' HI,'The,. "Effect ON the Growth■ o'f'' dnerea. of' certain Organic' 

, COMPOUNDS' ■ . . , . . . . ■ . . * ,58.6 

SUM.MARY ^ •. .*. 

Literature cited'"'' " ..' "'. ■: v., 

fAmaals of Botany, Vol, XXXVm.'No. CLI. ’July, 

















564 Pratt.— The Staling of Fungal Cultures. L 


Introduction. 

I T is known that the rate of growth of a fungus on a limited quantity of 
artificial medium diminishes gradually and finally ceases. The culture 
is then said to have become ‘ stale ^ Now this phenomenon has recently 
been considered to be independent of the, reduction in' the amount of 
nutrient present, but to be due to chemical changes in the medium brought 
about by the metabolism of the fungus. It was desirable to determine how 
far these conclusions are justifiable, and to investigate the nature of the 
metabolic products of fungi grown in liquid culture—in particular the effect 
of those products on the growth of fungi. 

Staling ’ is not only of importance in relation to the proper conditions 
for the artificial culture of fungi in the laboratory, but it must also play an 
important part in controlling the rate of progress of a parasite in the 
infected tissue of a host plant. It is thus one of the fundamental problems 
of plant pathology. 


Historical. 

While there is a large literature on the chemical products of certain 
fungi, notably of Aspergilhis niger and Citromyces {vide Wehmer in Lafar^s 
‘ Handbuch V1907, Bd.iv, p. 239 ), there has been less work on the effects of the 
products of their metabolism on the growth of fungi. Earlier workers con¬ 
fined their observations chiefly to yeasts and bacteria. Of these, the pioneer 
was Pasteur, who showed that the growth of yeast was retarded by the 
accumulation of the alcohol which it produced. Similarly, lactic and butyric 
acid were shown to stop the growth of the bacteria which produced them. 

Duclaux (1900) propounded a general law that the medium in which 
an organism grows becomes more and more unfavourable for growth from 
generation to generation, i. e. growth in it of a fungus unfits the medium for 
subsequent growth of a fresh inoculation of the same fungus. 

All important early research on the effects on the growth of moulds of 
the products of their own metabolism is that of Nikitinsky (1904). An 
account of this work is given by Boyle (1924), so it will suffice here to say 
that cessation of growth can, in each of the cases which he describes, be 
directly attributed to the chemical nature of part of the food supply. With 
different sources of nitrogen the medium became acid or alkaline, according 
as the basic or the acid radical was consumed by the fungus. 

Eijkman (1904) demonstrated that thermolabile staling substances were 
producedih bacterial cultures'and;-’were, the chief agentsiii causing'stoppage 
of growth. Heating the gelatine medium, rendered It .fit for: further ,growth 
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of bacteria. The effect was not due, according to him, to a volatile sub¬ 
stance, as was shown by heating the medium in a sealed tube. Growth in 
heated cultures was not, however, so good as that in fresh tubes, especially 
when the cultures were old. This may be due, he suggests, to exhaustion 
of food or to the presence of thermostable substances. 

A criticism of Eijkman’s work was published by Manteiifel (1907), who 
declares that the sole factor is exhaustion of food. Exhaustion of nutrient, 
he says,'is intensified by a process of ^ deutilizing ’ the nutrient by the 
action of the metabolic products of the organism in question [B, call). This, 
of course, largely destroys the value of his criticism, as it really amounts to 
an admission of the important effect of these products. Maiiteufel con¬ 
sidered that the effect of heating the stale liquid is due to the killing of the 
organisms present and the liberation of their cell-contents as food. He did 
not determine whether any food remained, nor did he try the effect of 
adding more nutrient, both of which are vital points m the establishment 
of his hypothesis. 

However, it is clear from the work of Eijlcman and of Manteufel that 
heating does not completely restore the nutritive value of a medium in 
which bacteria have grown. 

Kuster (1908) states that the growth of fungi, such as Aspergiilm, 
Botrytis cinerea, Mucor mucedOy brings about great changes in the medium, 
the assimilation of the food substances resulting in the production of 
acidity or alkalinity and alteration in osmotic pressure. Flis experiments 
showed that, in many cases, a stale medium which has been boiled then 
allows more or less of germination and growth of fungus spores (sown in 
drops on slides). Even after the addition of more nutrient, the difference 
between the boiled and the unboiled medium was marked. The fungus 
which caused the staling and the new one need not, he found, be the same; 
there is, apparently, no specificity of staling substances. 

Lutz (1909), experimenting with Aspergillus mger, Botrytis cmeretty 
Cladosporium herharimiy Fnsarium solaniy Mticor mticedoy ■ Peiticillitmi' 
glmicmny and Rhizopus nigricans^ came to the same conclusions. He points 
out that the tliermolabile nature of the staling'substances suggests that they 
are enzyme-like. He was-unable to'determine the chemical nature of the 
compounds, but-showed that, in some cases, ‘passage through a porcelain 
'filter removed the enzyme k „ Exposure to direct sunlight caused deactivation 
of these substances. 

Ritter (1909)-grew different moulds on glucose + salts + an ammonium 
salt {phosphate, sulphate, nitrate, chloride), and determined the dry weight of 
- the mycelium and the acidity of the medium. He concluded that capacity 
to,'assimilate,ammonia fro,m its inorganic salts is inverse, to the strength of 
the acid,; and-inf direct 'relation- -to. the capac„ity, of , the -particular fungus to 
.resist acid concentration. He pla.cesthe fungi in order'of tolerance to acids, 



566 Pratt.—The Stalmg of Fimgal Cultures. T 

thus: Aspergillus mgef% Rhizopus nigricans^ Mucor racemosiis^ Mucor 
spinosus, Thamniditmt elegans, Mucor mucedo. 

Ritter (1911), found development of alkalinity on potassium nitrate 
by Mticor^ Thamniditmt^ and Rhizopus. This alkalinity is said to be due 
to the formation of potassium carbonate; by using calcium nitrate instead 
of potassium nitrate he found that the medium remained neutral or just 
acid. 

Ritter (1914) grew Aspergillus niger on a synthetic medium in whicE 
the concentration of ammonium nitrate was varied—(i^i:) 0*4 per cent., 
[b) 0*8 per cent., {c) 1*6 per cent. The highest dry weight of mycelium was 
obtained in {a) and the least in {c). This was said to be due to the inhibiting 
action of the acid liberated; in {h) and [c] a considerable amount of 
nitric acid was liberated. In {d) a certain amount of free oxalic acid was 
formed. 

A similar effect had been observed previously by Tanret (1896), who 
grew Aspergillus niger ■ on Raulin’s solution with increased ammonium 
nitratCj when nitric acid was set free and no oxalic acid obtained. 

Medisch (1910), in the course of a study of the conditions for the 
formation of colour by Hypocrea rtifa grown on a synthetic medium, found 
that ammonium salts, especially of inorganic acids, prevented it, and that 
these cultures became acid. When nitrogen was supplied in the form of 
a nitrate of an alkali, or an alkaline earth, the culture became slightly 
alkaline and the yellow colour developed. The addition of acid prevented 
the appearance of the yellow colour. 

Oxalates were demonstrable in potassium nitrate cultures of Hypocrea 
which had become alkaline. When ammonium chloride and potassium 
nitrate were offered together, only the ammonium chloride was used; in the 
case of ammonium nitrate, NH^ was used and nitric acid accumulated. If 
NH 4 -inorganic and NH^-organic acid were added together, only the latter 
was used. ^ 

Wehmer (1913) described the development of a toxic degree of acidity 
in cultures of Penicillitim glaucum on sugar and ammonium sulphate, due 
to the using up of the ammonia and the liberation of free sulphuric acid 
which accumulates. A similar effect was not obtained with ammonium 
nitrate, as the nitric acid was also used up (a different result from those 
obtamed by Ritter and others). These results were not obtained with 
'.■■Aspergillus grown under the same conditions. 

MoIIiard (1912) demonstrated the hypertrophying effect oil pea roots 
of the stale medium in which Rhizobium radicola had grown for ten days. 
He found that the effect was reduced if the stale liquid were diluted with 
the original culture solution, or if it, were boiled. 

Reed and Grisson (1915) found deyelopment of alkalinity in month-old 
cultures of Glomerella rufomactdans gromn on Gzapek^s solution (where the 
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nitrogen source is sodium nitrate). Autolysis had then set in. They 
attributed alkalinity to: (i) carbonates (estimated by the Fresenius-Claussen 
method) j ( 2 ) ammonia, ( 3 ) organic bases (see Reed, 1914). 

Boas (1918) showed the influence of the nitrogen source in metabolism. 
He grew Aspergillus niger with urea or biuret as the source of nitrogen. 
With urea there was a very slight development of acidity, since ammonia 
was also produced. With biuret there was a gradual rise of acidity, but 
growth was slow, as this compound is a poor nutrient. The growth of 
Cladosporium in urea solutions was stopped by ammonia. The cessation 
of growth occurred later if ammonium salts of inorganic acids were the 
nitrogen source, acid poisoning occurring in this case. Aspergilhis escapes 
rapid destruction on urea by production of oxalic acid. 

The same author (Boas, 1919) obtained similar results with Aspergillus 
niger on a medium consisting of 5 per cent, maltose, 2 per cent, urea, 
0-25 per cent, ammonium sulphate, 0*15 per cent. inagneslLim sulphate. 
The fungus was killed by ammonia. So also was Cladosporiumy while 
Botryiis cinerea and Oidium are not killed under these conditions. 

W. Brown (1923) studied the staling of Sphaeropsis malorum and 
Fusarium sp. in Petri dish cultures on potato agar. He finds that the relative 
amount of staling can be modified by varying the depth of the medium, and 
particularly by removing two volatile products of the metabolism of the 
fimgusj namely, carbon dioxide and ammonia. Ammonia, the factor of staling 
particularly dealt with in his paper, is not, he says, the only staling factor, 
or the only alkaline one. If the ammonia is driven off from a medium on 
which either of these fungi have grown, the medium is still alkaline. Thus, 
a fixed alkali is formed, especially by Fusarium, He correlates the fact, 
reported in an earlier paper (1922), that acceleration of growth of Sphaeropsis 
and Fusa7dtim occurs in increased percentage of carbon dioxide with their 
production of alkalinity in staling. The carbon dioxide delays staling by 
neutralizing the active products. 

Boyle (1924), working in this college 1920 - 1 , studied the growth of 
Fusarium In liquid culture in Richards' solution, potato extract, and apple 
extract. The first two media became alkaline, but apple extract became 
only slightly less acid. He found that Richards' solution is the most suit¬ 
able for studying the problem of staling. ■ He says that in the early stages, 
of staling, the inhibiting action of a staled medium 011 germination and 
growth can be■ partly removed by boiling. Restoration of the pH value 
approximately to that of the control also partly removes the growth-retard -" 
ing' effect. ' Boiling and 'corrections 'of ' pH value ' may have, ' he ' say's, 
cumulative effect' when separately they, have'' none. He shows"that some'''' 
of the toxic properties'of'the solution^are removed byJorcing it through', 
a collodion 'membrane',' Which, suggests-that some, at any rate, of the staling 
substances; are colloidal 'in nature.' , ■ 

,^P'" 
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Boyle treated the stale medium with absolute alcohoh with the idea 
that the staling principle might be enzymatic, but obtained no conclusive 
results. 

J. F. Clark (190.2) and Fulton (1908) demonstrated the deleterious 
action of the products of metabolism of fungi from an unusual point of view. 
The results obtained by both workers may be summed up in the words of 
Fulton : ‘ All of the fungi tested show a tendency to turn from a region in 
which hyphae^of the same kind are growing, toward one destitute of hyphae, 
or ill which the hyphae are less abundant. . . . This may be regarded as 
a negative reaction to stimuli from chemical substances which owe their 
origin in some way to the growing fungus/ 

Graves (1916), following the work of Clark and of Fulton, found that the 
germ-tubes of Rhisopus nigricans showed a marked negative chemotropic 
reaction to a medium in which the same fungus had been growing for some 
time : this is, he suggests, a reaction of the fungus to its ' staling substance \ 
These substances appeared to be either thermolabile or volatile, for he 
showed that -boiling a solution containing them markedly reduced their 
negative chemotropic influence. 

A. J. Brown (1905), working with yeasts, came to the conclusion that 
neither carbon dioxide nor the non-gaseous products of cell metabolism are 
the determining causes of the arrest of cell reproduction. The decrease in 
velocity of fall in the rate of yeast reproduction as the number of cells 
increases indicates that the arresting influence is not the accumulation of 
the products of metabolism, for, presumably, in such a case the velocity of 
fall in rate would increase, but rather is due to exhaustion of some influence 
which produces a stimulating effect. This theory is particularly interesting 
in that it is contrary to the more normal view, and, in fact, at first sight 
lends support to the theory that exhaustion of the medium is of primary 
importance. But the controlling influence, as shown by Brownes experi¬ 
ments, is not associated with nutrition. Maximum growth is independent 
of amount of food ; the arrest of cell reproduction is due to lack of oxygen. 
In the presence of a continuous supply of oxygen regulation of the repro¬ 
ductive functions of the yeast cell then appears, he says, to be determined 
by the food'supply., 

H. T* Brown (1914) states that, within certain limits of oxygen supply, 
the maximal reproduction of yeasts is strictly proportional to the initial 
amount of the oxygen dissolved in the liquid. 

The later work of Slator (1918) on the growth of yeasts on a nutrient 
medium Indicates that there are five phases of growth : (i) lag phase; 
{%) logarithmic phase; ( 3 ) retarded phase ; ( 4 ) yeast crop; ( 5 ) death of 
yeast cells. In the retarded growth phase, which is comparable to the 
'staled phase’, the yeast cells are first influenced by carbon dioxide and 
;;,;later; hy: •'Iack:';/,;Of'/oxygem^ Although^' alcohol; acts.' as , a retarding,' agent, 
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growth usually stops before the alcohol is sufficient to exert much influence^ 
The final cessation of growth is due, usually, to lack of oxygen. 

It would appear, then, that ‘staling’ of yeasts is of a particular type, 
for the oxygen supply acts in this case as a limiting factor. 

In recent years emphasis has been laid on the importance of the 
hydrogen-ion concentration as a factor influencing physiological processes. 
Webb (1919 and 1921), who gives a comprehensive account of the literature 
on the subject, studied the relation of spore germination and hydrogen-ion 
concentration in the cases of Aspergillus niger^ Penicillmm^ Botrytis^ &c. 
The influence of the pH value depends, he sa^^s, on the organism; the 
hydroxyl ions appear to be relatively more toxic to the spores studied than 
the hydrogen ions. 

Zeller, Schmitz, and Duggar (1919) grew wood-destroying fungi on 
liquid media and found that the acidity of the medium was normally 
Increased. They decide that the hydroxyl-ion concentration does not 
appear to be a limiting factor in growth. 

Zeller and Schmitz (1919) grew mixed cultures of wood-destroying 
fungi on plates, and observed any inhibition or stimulation of growth, with 
a view to determine whether such might not be the result of depletion of 
carbohydrates in the medium or a change in hydrogen-ion concentration. 
They came to the general conclusion that neither of these was the limiting 
factor for growth. 

Karrer (1921), in a study of the effect of hydrogen-ion concentration on 
the accumulation and activation of amylase produced by certain fungi, states 
that the accumulation of amylase by Fusarium decreased gradually as 
a more alkaline medium was used, this decrease not being coincident with 
a reduction in the amount of growth. An increase in accumulation occurred 
in the intra- and extra-cellular amylase of Colletoirkhtim Gossypii as the 
nutrient solution used was less acid.^ 


Experimental Methods. 


Throughout the work to be described the staling of Fusarium sp. on a 
liquid medium was studied. Fusarium was chosen "because it is, a compara¬ 
tively rapid ‘staler'—more rapid, for example, ilmxi Bo try tis cinerea —and 
because it has no obvious peculiarities of,-metabolism,' such as has Asper¬ 
gillus nigerfm which large, quantities 'of oxalic acid are , produced and' the 
culture "quickly becomes 'strongly acid., The peculiar ' metabolisms of, 
' Aspergillus, ', Pemcillium^ 2 .nA the yeasts have been the subject of much work, 
'.and.it appeared probable that more light„might be thrown on''the/general':' 


■ This may afford 'an, explanation', of the effect of'hydrogen-ion,'coiicentratidn~ 
, trol'OYer the secretion,of emymes* , 

, ^ p St 


-that is, its con- 
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question of ^ staling ’ if what might be described as a ^ normal ’ fungus were 
used. 

Richards’ solution was chosen as the standard mediunn Its composi™ 
tion is as follows: 

KNOg ... lo grm. Cane sugar ... 50 grm. 

KH..PO4 ... 5 grm. FeClg ...trace. 

MgSO^ ... 3*5 grm. \Vater ... 3000c c. 

It is preferable to use a synthetic medium of which the composition is 
definite and can be varied at will, rather than to use a plant extract (such as 
potato or apple), the composition of which is uncertain and may vary from 
time to time. Richards* solution was used in preference to any other 
synthetic medium for the reason that it contains no ammonium compound 
(or organic nitrogen compound, whence ammonia is easily derived) as the 
source of nitrogen. It was thus hoped to avoid the masking of other staling 
effects by that of free ammonia, which would probably be produced from 
these other sources of nitrogen. 

The criterion of staleness adopted was the average length of the germ- 
tubes of spores of Botrytis cinerea sown in drops of the filtered medium in 
which the Fusarium had grown. Measurements with a micrometer eye¬ 
piece of the germ-tubes of unicellular Botrytis spores are more readily 
carried out than in the case of the multicellular spores of Fusarium^ since in 
the former the limits of the spore are sharply defined and the tube is 
stouter. Moreover, it is found that spores of Botrytis are much more 
susceptible to the metabolic products than are spores of Fusaritim itself: 
stray spores of Fusaritim in the drops of Fusarium-^tdX^^ medium often 
have quite long germ-tubes when the growth of Botrytis spores is entirely 
inhibited. Since Lutz (1909), for example, has found that ‘the products 
have no specific action, in the sense that they also influence germination 
and growth of the spores of other fungi than those which produced them 
it seems justifiable to consider experimental convenience in this respect. 

Other workers—for instance, Webb (1919)—have used percentage 
germination as a measure of a retarding effect, but in the present work it 
w^as found that in cases where germination was 100 per cent, or practically 
sof there might be very wide vaiiation in germ-tube length in different 
liquids. Thus differences may be revealed by measurement of germ-tubes 
which would not appear in determinations of percentage germination. 
Obviously, the present method is somewhat limited, in that small differences 
in average germ-tube length are of little value, since they are of the same 
order as the individual differences between germ-tubes in any one drop. 
However, though the figures obtained are not susceptible of treatment with 
mathematical exactness, it is quite safe to assume that comparatively large 
differences in average length, which'-are r*eadiiy 'perceptible'to; the :eye,,'''h^^ 
a real significance.'.' ;■ ;. ■/ ' : 
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The fungus was grown in Eiienmeyer flasks (capacity 300 c.c.) selected 
with flat bottoms so as to give a uniform 'depth of liquid. Each flask con¬ 
tained 50 cx. of the medium and was sterilized for minutes at i C 
These were inoculated from a sterile pipette with equal amounts (i or 2 , cx.) 
of a suspension in sterile water of Fiisaritmi spores. The cultures were 
incubated at 20 ® C. The liquid soon became straw-coloured and finally 
brown. Young cultures had a pleasant fruity smell; older ones smelt 
rather musty and were found to have become alkaline. At suitable 
intervals the mycelium was filtered off and the filtered medium treated in, 
different ways. 

The stale liquid was tested by allowing spores of Botrytis to germinate 
in drops of it placed on grease-free slides. To about 2 cx. of the liquid in 
a test-tube one drop of a heavy suspension of spores of Botrytis cinerea was 
added. The spores were obtained from cultures on potato mush agar, 10 to 
14 days old, and the suspension filtered through muslin to remove fragments 
of hyphae and concentrated by centrifugalizing. Drops, of uniform size, of 
the inoculated liquid were delivered from a sterile pipette on to each slide. 
The slides were placed in large Petri dishes, lined with moist filter-paper m 
order to prevent drying up of the drops, and left in an incubator at 14 * 5 *^ C. 
overnight, i. e. for about 17 hours. This time and temperature were iound 
to give a convenient length of germ-tube in the control, the aim being to get 
approximately the same value for the conti’ol each time, so that the results 
of separate experiments might be more nearly comparable. 

In each case 50 to 100 (generally 100 ) germ-tubes were measured with 
a micrometer eyepiece, and the values given are the mean of these. 

Determinations of the hydrogen-ion concentration (pH) have been 
made according to the method of Clark and Lubs. 


Exhaustion of Food. 

As a prelimiiiary to investigation of the toxic substances of unknown 
chemical nature which are postulated as the cause of staling, it is essential 
that evidence be brought forward, to- show that'staling is not due in the 
present case to mere lack of some nutrient. 

/ .This evidence will be discussed under three heads, {d)^ C^), a-nd (c), 

(a). The effect of dihiiion of the stale medium^ with water and with- 
Richards’ solution, was first studied. Scores Q^ Soiryits emerea^were sown 
in the stale liquid-'in dilutions of i In i,' 1 -in 9 , i in 49 , and r in 99 , in 
distilled , water, and in Richards* solution (R.S.). ■ 

- Table I shows that'there■ is - enough food' left to give 'much' better 
growth than'that'in the. control'(water), even if the residual food is greatly 
-"-diloted-.'-'-'.When"C-onsiderable.-food, is added,’C.g. I'part of R.S. to i part of 
stale medium (Table', H), germination is still'very feebler ; From Tables I 
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and II it is obvious that the staling principle can be diluted so that its 
effect is weakened, since stale solutions will give germinations if sufficiently 
diluted. 


Table L 


Effect on Botrytis Groi^th of Dilution with Distilled Water, 


Stale. 

A. ' o 

B. o 


I pt. staUy I pt. stale, 

I pt. water. 9 pts. water, 
o 0-65 

O 1-02 

A. = 40 days stale. 


•I pt. Staleys I pt. stale^ 

pts. water. 99 pts. water. PVater. 
2.0 r 3.81 1*6 

2.08 5-1 1-6 

B. = 30 days stale. 


Table II. 

Ejfect on Boloytis Growth of Dilution with Richards' Solution. 

■ Q. . I pt. stale, I pt. state, i pt. stale, i pt. state, 

0.59 0.41 4.8 5«6i 8-91 10-73 

21 days stale. pH 6-6. 

Table III. 

{b) The Effect of Dilution of Fresh Richards' Sohtion. 

R.S, R.S.jio, R.S.jioo. R.S.jimo. 

Botrytis ^iQ's^Oo. 20.11 I 3 ‘ 3 i 14*05 

10.4 10.88 11.6 8.52 

From Table III it is clear that the exhaustion of nutrient would have 
to be extreme to produce an effect at all comparable with that of the stale 
solution. Indeed growth in R,S/io and R.S./ioo is somewhat better than 
ill the undiluted medium, and is only reduced a comparatively small 
amount in R.S./i,ooo. As a matter of fact growth in the absence of 
external nutrient—that is, in distilled water—is found (see Table I) to be 
quite appreciable. For a germination test of short duration (as overnight) 
the concentration of the nutrient over a wide range has very little effect. 

(<?) Quantitative determination of sugars. The concentration of these 
remaining in some very stale cultures was found. The filtered medium 
was in each case heated wdth hydrochloric acid on a water-bath for 
30 minutes to invert the cane sugar, then neutralized with powdered sodium 
carbonate and the volume made up to 30 c,c, (that of the fresh solution in 
each flask)* The total sugars were estimated in the usual way by reduction 
of'Fehling's solution. 

The results of four such'estimations are given in Table IV, from which'' 
will .be.'seen that' ■ there; 'is 's'tiih."sufficient' sugar remaining "to''give; 'good' 
growth of Botrytis germ-tubes* 
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Table IV. 


Age of Ctdiure. 
5 months 
72 days 

92 days 

93 days 

KB.: 


Estimations of Sticrose, 

Grm, Sucrose pe?’ Lih'e. 
0.59425 
x-055 

0.3894 

0*3262 


Percentage Sucrose. 
0.059 
o*ro5 
0.03S9 
0*0326 


R.S. ... 5% sucrose 

R.S./CO ... 0*5% „ 

R.S./100 ... 0-05 % „ 

R.S./1000 ... 0*005 % ,, 


In these cases the solutions were made up to the volume of the fresh 
medium, whereas in that of the stale liquids tested with Botrytis this was 
not done. Now the volume of the medium becomes considerabl}^ reduced 
in the'stale culture, so that the sugar in these solutions is actually present in 
higher concentrations than those suggested by the figures. Nevertheless, it 
must be pointed out that the figures may be somewhat too high owing to 
the fact that the determinations would include other reducing substances, 
besides sugars, which might be present. 

Owing to the practical difficulty of estimating the salts in the staled 
medium, estimations of the amount of sugar remaining were taken to show^ 
sufficiently closely, the exhaustion of the medium. 

It is obvious, then, from the evidence put forward in {a)^ (<&), and {c\ 
that the staling effects, as measured by the germ-tube method, cannot be 
ascribed to reduction in the amount of nutrients present. The results indi¬ 
cate clearly that something inhibitory of germination is present in the stale 
liquid. 


Changes in the Medium, other than Diminution in Nutrients. 

The parts played by reduction of food supply and metabolic products 
are indicated by the preceding considerations, and it is now proposed to 
study'the second' of, these two factors—that is, those changes, other than 
diminution of nutrients, 'which are brought about in the medium by the 
growth of the fungus. 

' The ■ main li'nes of attack may be briefly summarized : 

■■ L Treatment of the stale noiedium with the'object of restoring, wholly 
or in part,'its'power of inducing germination of fungus spores and growth 
of their germ-tubes, i. e. its ‘ germinative capacity k 

, II. Chemical analysis, quantitative and qualitative, of the stale medium" 
with a view to'determine the nature' of the metabolic products. ", 

'■ in.':'The':'effect';,,on ,the, growth ■'of Botrytis cinerea of addition to the, 
fresh medium of'certain organic',com,pounds. 
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I. Treatment of the Staled Medium. 

From a consideration of the results of other workers it appears that the 
' staling ^ principle may be divided into three parts : (i) a substance which is 
thermolabile, if) an effect which is the result of change in pH value, L e» 
development of alkalinity, and ( 3 ) an effect which manifests itself after the 
removal of the other two. 

It seemed profitable to bring forward further evidence to establish the 
existence of (i) and ( 2 ) before attempting to analyse the third. 


Table V. 

(i) Effect of Boiling, 


Days stale. 

///, 

d-v. 

Bot. growth 
stale. 

Bot, growth 
stale; boiled. 

Bot, growth 
B.S. 

.4 

4.6 

6.59 

7*6 

7-45 

5 

4*2 


5.8 

— 

- 6 

5*^ 

4*95 

8*0 

7-58 

7 


4*23 

5-63 

— 

8 

4.8 

3*32 

7*5 

— 

19 

6.4 

04- -h 

3.06 

14*33 

20 

7-8 

0 

0 ■+" ■+• 

16.02 

22 

8.0 

0 

0 

16.93 

27 

8.4 

0 

0 

16.4 


The medium was boiled till reduced to about half bulk and then made 
up to the original volume. It will be seen that, when the medium is only 
a few (6 to 8 ) days stale, boiling brings the value for the Botrytis germ- 
tube length nearly up to that of the control, though the growth in the 
untreated medium is about half that of the control. In another series, even 
at 19 and ao days old, boiling gave a perceptible improvement in the 
medium. 

Some workers have considered that the staling principle is enzymatic 
or catalytic in nature, since it is partly deactivated by heating. The 
evidence is, on the whole, against this theory. The application by Boyle of 
the technique of enzyme precipitation with absolute alcohol gave, as already 
pointed out, inconclusive results. It is more probable, and certainly a more 
satisfactory working hypothesis, that the effect produced by heat is the result 
•of the presence of volatile compounds in stale solutions. 

Table ¥ also shows the gradual reduction in the acidity of the cultures, 
(ii) The effect of tesioration of the hydrogen-ion concentration to 
that of the briginal Richards’ solution {pH ~ 4 * 6 ) is shown below in 
TableYL:" a ; 

The'/adjustment ^of..'''the''' pH';walue';'was: very carefully .made.. ■ ■: 'Bbyle. 
.'.■added' hydrochloric' acid, "as it- seemed possible, a priori^ that the introdiic- 
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tion of chlorine ions not already present in the medium' might have some 
independent effect; in the experiments here describedj restoration of the pH 
value was brought about by the addition of different acids. No appreciable 
difference was found between nitric, hydrochloric, and sulphuric acids. It 
was decided, nevertheless, to use nitric acid, rather than hydrochloric acid, 
for this purpose In subsequent experiments. 


Table VL 


Days 

Stale Bot, 

Stale 

Acid 

Stale a}. 

id 

Contra! D.S, 

stale. 

grozutk. 

pH, 

added. 

acia hot. 
grozjjth. 

{pH = 4-6). 

20 

0.49 

6-6 

HNO3 

\ 



20 

0.49 

6.6 

HCl 

0.81! 



20 

0*49 

6-6 

HNO3 

107; 

A 

9*i6 

35 

0 

9-4 

2-35: 


35 

0 

9.4 

HCl 

2*65 ’ 



35 

0 

9-4 

H,SO, 

2.19, 



21 

21 

0-56 

0.56 

6.4 

6.4 

HNOo 

HCl 

i'<>5 1 
1-65 1 


7*23 


(iii) The Combined Effect of Acidifying and Boiling on Botryiis Growth, 
When the stale medium was acidified and then boiled, it was found 
(Table VII, column 6) that the combined effect of the two together was 
greater than the sum of their separate effects, and that an unexplained 
residue of ‘ staleness ’ still remained. 


Table VII. 


Days 

pH. 

Stale, 

Stale; 

Stale; HHO.^ 

Stale ; HHO^ ; 

RS. 

stale. 

boiled. 

to 4*6, 

boikd. 

control. 

19 

6-4 

; 0 + + 

3.06 

3*33 

7*33 

H -33 

20 

7 *^ 

0 

0 -h + 

3*3 

7.03 

16*02 

22 

8*0 

0 

0 

3-73 

5.98 •' 

16-93 

27 

8-4 

0 

0 

3*3 

11*53 

16*4 

30 

8-0 

0 

0 

4*24 

7*55 

13*58 

49 

8*8 

0 

0 ' 

1.88 

4.20 

S«75 

50 

9*0 

0 

0 

4*77 

6.95 

10.30 


9*0 

0 

0 

. 4 ' 7 i 

6*75 

S.65 

52 9.0 'O 0 

(i'V) ' Extraction with Ether ., 

4*75 

S-02 

ir-6 


' Boyle made an unsuccessful attempt to extract staling substances with 
ether.. He used the alkaline stale medium, in which, as is showni below, 

,ether extraction' has,no effect.' If, however, the medium,, be first,acidified it 
has been found that; ether, treatment will restore to stale Richards" solution 
its germinative capacity.. 

Extraction''with ether .was carried out in a separating funnel. A 
.measured,'volume',,'of the aqueous,,,layer was evaporated to half bulk, in order 
to drive off any ether, and the volume made up with distilled water. 
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Now, it seemed possible that the removal of staling substances from an 
alkaline medium might occur, but the fact would remain undetected unless 
the pH value were afterwards corrected. Accordingly, the alkaline medium 
was extracted with ether and then acidified (to pH = 4 - 6 ). Botrytis growth 
in this liquid and in the boiled (i. e. treatment comparable to evaporation) 
and then acidified stale medium was compared. There was no difference 
between these two (see Table VIII), showing that no toxic substance is 
extracted from the alkaline medium. 


Table VIII.. 




Ether Treatment 

of Alkaline Meditim. 


Days 

stale. 

pH, 

stale ; Bot, 
growth. 

Stale; boiled; , , 

acid; Bot. S ale ; ether; 

groiut/i. 

70 , 5 -. 

35 

121 

7.0 

9.4 

2 <64 

0 

5-09 4.31 

5-23 5-39 

7-74 

7.74 


When the stale medium was first acidified, ether treatment was found 
to be effective. Botrytis growth in the acidified, extracted with ether and 
boiled stale medium, was greater than in the acidified and boiled medium, 
yet, in the preliminary experiments, it never became as good as in the 
control. 

Before using the fact of extraction by ether after acidification as the 
basis of any argument as to the nature of the metabolic products, it is 
essential to examine critically the question of treatment by ether. Apart 
from the extraction of some inhibiting substance, ether might have two 
effects, (i) Boiling with ether might introduce some stimulant which would 
account for the increased growth. ( 2 ) Some inhibiting substance might be 
introduced with the ether—that is to say, some impurity of the ether, since 
the ether itself is entirely driven off by the evaporation. This second effect 
might account for the fact that the Botrytis value was not brought 

up to that of the control by ether treatment in the preliminary experiments, 
when commercial ether had been used. 

These points have been examined by comparing the effect of treatment 
with ether without separation, with that of ether treatment followed by 
separation. Purified ether was used in the experiments, the results of which 
are, given in Table X. 

The details of the experiments are as follows (the numbers refer to 
; thoserin4he\ffrst column of the: table) V'- 

(i) Botrytis in stale medium. 

( 3 )growth: in'. stale 

( 3 ) Botrytis growth in ' Atale-medium, acidified 'with 'nitriC'" acid "to 
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(4) Botrytis growth in stale medium, acidified and boiled- 

( 5 ) Botrytis growth in stale medium, acidified, extracted with ether, 
separated, evaporated to half-bulk, &c. 

(6) Botrytis growth in stale medium, acidified, extracted with ether, not 
separated, the whole evaporated to half-bulk, &c. 


Table IX. 


Ether Extraction of Acidified Medium. 


Days stale. 

49 

50 

51 

52 

pH 

S-S 

9.0 

9.0 

9*0 

0) 

0 

0 

0 

0 

(2) 

0 

0 

0 

0 

(3) 

i-SS 

4*77 

4.71 

4'75 

(4) 

4-20 

6 .Q 5 


8*02 


7-38 

10-71 

9-98 

11.5 

(6) 

4-7 

6.S6 


8*86 

B. g. R.S. 

S -75 

10.30 

S.65 

11.6 


Progressive improvement in Botrytis growth was obtained as the result 
of treatments ( 3 ), ( 4 ), and ( 5 ). The growth in ( 5 ) is, in each case, as good 
as that of the control; the growth inhibitors, active after boiling and 
acidifying, have been completely removed by the ether. In ( 6 ), however, 
the growth is practically the same as in (4) ; that is, no stimulant has been 
added—the growth observed is that due to acidifying and boiling the 
medium alone—neither is an inhibitor introduced, for the growth is not 
lower than in ( 4 ), as it would then have been. 

It was therefore concluded that some impurity of the ether used in the 
preliminary experiments had introduced an inhibiting effect, but that if pure 
ether were used the effects observed were attributable solely to extraction 
of staling substances by the ether. This conclusion is supported by the 
fact that treatment of fresh Richards’ solution with ether, with or without 
separation, was found to leave its germinative capacity unreduced. 

The fact that a growth-retarding factor is removed by the ether treat¬ 
ment after, but not before, acidification throws light on the nature of this 
factor. If we suppose growth-retarding organic, bases to be present, they 
would' in all likelihood be extracted ' by ether from' the alkaline stale 
medium, but not from the acidified medium, in which they would be present 
as'salts. This, however, does not fall in .with'the experimental findings. 
But if we suppose an organic acid.to be present, the reverse,would,be 
■expected, for the free acids are more likely to be dissolved together than 
are their.salts.. .Hence these results point to the presence of organic acids' 
.as'being responsible for the effects observed; 

iy') Oxidation., ' ' ' 

Experim'ents''were undertaken, in'order.to deternime whether treatment 
with an oxidizing agent 'would' remove' staleness from, a, used.,■medium.;:;,;'^ 
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The oxidizing agent first used was hydrogen peroxide in the usual 
' !^o»voliime' solution* 

In the experiments an excess of hydrogen peroxide solution was added 
to the filtered stale medium. The mixture was shaken at intervals. The 
solution was then boiled for fifteen minutes with charcoal to remove excess 
of hydrogen peroxide, filtered and made up to the original volume with 
distilled water poured through the charcoal on the filter. Examples of the 
Botrytis germ-tube lengths obtained in drop cultures of the treated medium 
are given in Table X. 

Table X. 


Effect of Treatment zmtk Hydrogen Peroxide and CharcoaL 


Days 

old. 

pH, 

Stale, 

Stale ; 
boiled. 

Stale; boiled 
with charcoal. 

stale; H, 0 .; 
boiled with 
charcoal. 

control. 

28 

4.6 

0 

0 

13*68 

9-92 

14-54 

29 

4-6 

0 

2.30 

11*56 

io‘66 

14.97 

35 

4*6 

0 

0*72 

8*22 

7.98 

11*05 

The 

medium 

was 

Richards' 

solution with 

one-third concentration of 

asparagin. 

There 

was 

no better growth after 

treatment with hydrogen 


peroxide and boiling with charcoal than after boiling with charcoal alone. 
The general conclusion is that the effects observed are really due to adsorp¬ 
tion on the charcoal. 

Gaseous oxygen, bubbled through the liquid, proved ineffective in 
removing staleness from the medium. 

(vi) Adsorption of the Toxic Substances. 

Investigation of adsorption was suggested by the results of treatment 
with charcoal in the hydrogen peroxide experiments. 

Search was therefore made for a more efficient absorbing agent, and 
attention was drawn to a medical preparation of colloidal kaolin—' Collosan ^ 
—which was said to be free from injurious matter, organic or inorganic. 

Experiments were carried out with this kaolin (see Table XI). 

Table XI. 


Effect of Treatment with ^ Collosan^ on Botrytis Growth. 


Days stale. 

, Stale. ■ 

1 

2 

S 

4 S 

'6 

' R.S, 

70 

O'' 

0 

0 

6*56 

14.72' 8*67 

14*03 

16*4 


0 " 

0 

0 

4a 

9-49 8*54 

9 - 77 ' 


,36 ■ 

•0 ' , 

0 

0 

2-0 

6.Q — 

6.38 

' 7*47 





'4-0 

12*02 

12*76 

14.94 


O' '' 

0 




jo -()5 

,10.13 


Details':of Treatment,:'. 

, .Colnmn^ iBoiled. ■ Column 4 ,..,Acidj ‘Collosan’.; 

'2'..‘Collosan■ '' ' ■ ; ■'■5 Aoid,' boiled.' 

',3,... Acid-, ^ 6Collosan’, acid. 
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Here^ again, a very marked restoration of germinative capacity is pro¬ 
duced—growth often very nearly approaching that of the control. It 
makes no difference whether the stale medium is acidified before or after 
kaolin treatmentj but no effect is manifest until alkalinity is removed* 

Shaking fresh Richards’ solution with kaolin did not reduce or increase 
the subsequent growth in it; that is, neither an inhibiting nor a stimulating 
effect was introduced. Attempts to recover the staling substances absorbed 
on the kaolin have so far been unsuccessful. 

IL Chemical Investigation. 

During the growth of Fusa^'ium in Richards’ solution, the original 
colourless liquid gradually becomes yellow and finally yellowish brown. In 
very stale cultures the medium is dark brown in colour. In the early stages 
the cultures smell sweetish and slightly alcoholic, but this smell is gradually 
lost and the older'cuTtures'liave merely a somewhat musty odour. There 
is no distinct smell of ammonia. 

(i) Stale Medium. 

The brown colour of the stale medium and the presence of phosphates 
make qualitative analysis of it difficult and unsatisfactory. The following 
tests were applied: 

(i) Fehling’s solution, ammoniacal silver nitrate, and potassium per¬ 
manganate were reduced, probably by the reducing sugars present. 

(■ 2 ^) Ferric chloride tests for organic acids were unsuccessful, owing to 
the pi-esence of phosphates and the brown colour of the liquid. Even after 
the removal of phosphates by magnesia mixture the brown colour remained, 
and the tests gave no results. 

( 3 ) The presence in the stale medium of organic acids or compounds 
of them was indicated by the production of an ester with a strong fruity 
smell on warming with concentrated sulphuric acid and alcohol. 

■ ( 4 ) A positive iodoform test was obtained several times, indicating the 
presence of alcohols, or possibly of aldehydes or ketones. 

( 5 ) The presence of amines (carbylamine test) or of organic bases 
(murexide test) could not be shown. 

( 6 ) In spi'te of repeated efforts, using the method described by Raistrick 
and Clark, Tio\ conclusive proof could be obtained of the presence'.of 
oxalates. ■ 

if) Disiillaiel 

■ In the' hope of discovering the chemical nature of the thermolabile part 
of the' staling principle, the :stal€''medium from^ a'few ".cultures' was distilled 
".and the, distillates tested.: .... 
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(i) Slight reduction of Fehling’s and of ammoniacal silver nitrate was 
obtained. 

O The iodoform test gave positive results, showing the presence of 
alcohols. 

( 3 ) SchifF^s reagent for aldehydes gave negative results. 

{ 4 ) Carbylamine test for amines gave negative results. 

( 5 ) Ammonia was tested for with Nessler’s reagent. It was found that 
the first fraction distilled over gave a heavy orange precipitate, and so did 
the second. Subsequent fractions gave Nessleds test in diminishing degree. 

An example may be given of one such distillation of stale medium^ 
57 days old, pH = 9 * 3 : 


Fraction (i) pH = 9 * 2 . 

( 2 ) pH = 8 - 2 . 

(3) pH = 6 '- 8 '. 

(4) pH = 6 - 4 . 

(5) pH = 6 - 2 . 


Heavy Nesslers precipitate. 

Good Nessler’s precipitate. 

Slight i^essler's px'eeipi‘»tc?ue. 

Cloudy yellow colour. 

Only slight yellow colour with Nessler’s 
solution. 


Water was added to the residue, and the liquid again distilled until 
reduced to a small bulk. This was then made up to the original volume. 
The solution was more strongly alkaline than before (its pH = jo + ), but 
gave no precipitate with NessleFs solution. The alkalinity of the residue 
cannot, therefore, be attributed to ammonia compounds. 

When the acidified stale medium (pH = 4 * 6 ) w’-as distilled, and the 
slightly acid distillate tested with concentrated sulphuric acid and alcohol, 
the fruity smell of an ester was obtained, showing that some volatile organic 
acids which had been liberated by the acidifying had come over with the 
distillate. 

The alkaline residue left after distillation of the alkaline stale medium 
also gave this ester test. 

(Hi) Ether Extract. 

The ethereal layer obtained from the extraction of several stale 
acidified cultures was evaporated. A small, sticky I'esidue, with a smell like 
honey, was obtained and dissolved with some difficulty in a little water. 
With this solution an ester test could be obtained. The fruity smell 
seemed to be rather different from that obtained previously. The solution 
also reduced permanganate in the cold. This reduction may be due to the 
presence of sugars or of unsaturated organic acids. 

SchifFs reagent did not show the presence of aldehydes. 
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(iv) The Organic Acids formed by Fusarium. 

Ill order to obtain more definite evidence of the formation of organic 
acids by Fiisarium, an attempt was made to isolate them in identifiable 
quantities. 

The medium was filtered from twenty cultures of Fusarimn on 
Richards’ solution, three weeks old. About 750 c.c. of the straw-coloured 
liquid were obtained ; it was still acid (pH = 5 * 6 ) and had a sweetish, slightly 
alcoholic smell. 

The procedure was as follows: 

(A) The liquid was made alkaline with sodium carbonate and distilled 
with steam, so that the volume of liquid in the distilling flask remained 
approximately constant. About 100 c.c. of distillate (A) were collected. 

(B) The residue was allowed to cool somewhat, and then acidified with 
an excess of phosphoric acid. A slight precipitate was filtered off and the 
filtrate distilled with steam until about i.oco c.c. of distillate (B) had been 
collected. 

(C) The residue was evaporated to about 200 c.c., allowed to cool, and 
then extracted with ether for several hours, in order to recover any non¬ 
volatile acids. 

The distillates were examined as follows: 

^Distillate (A). 

The colourless distillate (A) was alkaline (pH = 8 * 8 ) and had a peculiar, 
rather malty, odour. 

(1) Warming with concentrated sulphuric acid and a drop of acetic acid 
gave a fruity smell of an ester, indicating the presence of alcohols. 

( 2 ) Iodoform test: positive for alcohols. 

( 3 ) Messier’s solution gave an immediate heavy orange precipitate, 
showing the presence of ammonia. 

( 4 ) On heating with sodium hydroxide the solution turned yellow and 
somewhat cloudy, and gave off - a pungent, rather sweetish odour* , This 
suggested that an aldehyde might be present. • 

(5) Ammoniacai silver nitrate, potassium permanganate, and dilute 
Fehling’s solution were slowly reduced. 

(6) Schiff’s reagent was slowly turned slightly pink. A blank test left 
for the same time showed - no' colour. This was repeated with the same 
result The presence of traces' of aldehydes was thus, indicated. 

', ( 7 ) On'-addition- of gallic add and concentrated - sulphuric acid" nO': 
reaction for formaldehyde was' obtaine-d. 

( 8 ) Absolution of resorcinol and. concentrated- sulphuric .acid,-gave- 
a, slight- brown ring and a - -slight .■ white, precipitate, (cloudiness). This may 
indicate traces of formaldehyde:. 
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(9) Finally, Schryver’s test for formaldehyde was applied as follows: 
to 10 c.c. of the distillate were added % c.c. of freshly made dilute phenyl- 
hydrazine hydrochloric solution (approx, i per cent.), i c.c. of freshly made 
potassium ferricyanide solution, and 5 c.c. of concentrated hydrochloric 
acid. The solution became pinkish yellow, quite different in colour from 
the greenish yellow of a blank test. According to Schryver, a pink colour 
shows the presence of formaldehyde, so that it is probable that the distillate 
contained a trace of this compound. 

It was concluded that the distillate contained ammonia, small amounts 
of alcohol, and possibly traces of aldehydes and formaldehyde. 

Distillaie (B). 

This distillate was acid, but contained no phosphoric acid (ammonium 
molybdate test). The whole distillate was titrated with baryta solution, 
using phenolphthalein as ^the indicator, and evaporated to dryness on 
a water-bath. The yellowish residue was extracted with absolute alcohol, 
with frequent rubbing with a glass rod, and left overnight. The solution 
was filtered next day, when it was found that a good proportion of the 
residue was insoluble in alcohol. 

The alcoholic solution was evaporated to dryness in several watch- 
glasses. Small white residues were obtained and tested. 

id) When the residue was heated with a drop of concentrated sulphuric 
acid, a distinct cheesy smell was obtained, resembling that ot valeric acid 
and not quite so rancid as that of butyric acid. 

\b) When the residue was heated with two drops of absolute alcohol 
and one drop of concentrated sulphuric acid, a fruity smell of an ester was 
obtained: the smell resembled that of highly scented apples, and was not 
quite so sweet as that of the pine-apple. The presence of valeric acid, and 
possibly butyric acid, was thus indicated. 

The residue, insoluble in alcohol, was dissolved in hot water and filtered 
free from a slight insoluble precipitate,, presumably of barium carbonate. 
A clear yellowish solution was obtained. To part of the solution an excess 
of dilute sulphuric add was added, and the free acids distilled off; a colour¬ 
less solution, with*a slightly cheesy smell, was obtained* This solution and 
the solution of barium salts were tested as follows: 

(i) One drop of ferric chloride was added to 3 c.c.; a reddish orange 
colour was obtained with both; the blank was nearly colourless. The 
presence of fatty adds was thus indicated. 

Silver nitrate gave a slight cloudiness; when a drop of ammonia 
was added, the solution at once darkened till it became quite grey ; a trace 
of formic'acM^waS''therefore suspected. ■''' 

''v'vf3) Mercuric' 'Chloride gav that the presence of formic' 

acid waS:not confirmed,,'''■ 
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(4) Warming witli alcohol and concentrated sulphuric acid gave a strong 
fruity smell of an' ester. 

The remainder of the solution of barium salts was evaporated to dry¬ 
ness ; it yielded only a small yellow residue. 

The whole procedure was repeated with the stale medium from twenty 
more cultures (thirty days old, pH = 7-0) with the object of obtaining 
a sufficient amount of the barium salts for quantitative analysis, The^ 
filtered solution of the alcohol-insoluble barium salts was evaporated to 
dryness on a water-bath. The yellowish shining residue was purified by 
redistiliation from strong sulphuric acid. The small distillate had a strong 
smell of acetic or propionic acids. It was neutralized with baryta solution, 
and filtered free from a small amount of barium sulphate. The solution 
was evaporated to dryness, and the residue transferred to a weighing bottle 
and dried at 130° C. A weighed amount of this dry salt was dissolved and 
treated with hot dilute sulphuric acid. The weight of barium sulphate was 
determined in the usual way. o-o 6%6 grm. of the salt yielded 0*0556 grm. 
of barium sulphate, i.e. 88*8 per cent, barium sulphate. 

Now the barium salts of fatty acids yield theoretically the following, 
percentages of barium sulphate : 


Barium formate 
„ acetate 

„ propionate 

„ butyrate 

5, valerate 

,, caproate 


119*47 per cent, barium sulphate. 

91*37 

82*13 JJ 55 

74 * 9 ^ 

68*73 >» s» 

63*4^ „ „ ,, 


The theoretical percentages, 82*13 and 91*37, for barium propionate 
and acetate are nearest to the experimental value 68*8 per cent. It seems 
probable, however, that the salt analysed consisted of a mixture of the barium 
salts of several of the lower fatty acids.^ 

The remainder of the dry barium salt was tested : 

{a) To the dry salt' in a test-tube, two or. three drops of absolute alcohol 
and one drop of concentrated sulphuric acid were "added and the mixture 
was warmed. A very strong, fragrant smell’of an ester was obtained- The 


^ The proportions in which any two of these could be present may be calculated thus : 
li X ~ percentage of barium salt of lower fatty acid, 

P - barium sulphate yielded by mixed salt, 

'JB ^ percentage of .barium ■ sulphate theoretically obtainable from the pure salt of the 
lower fatty acid,. . ■ ' 

' ' 5 « percentage of' barium', sulphate theoretically obtainable from the' pure salt of the' 

' higher .fatty acid, '' 

■ 'then'.ff;r,' 

Whence'it is. found, ..that, 'assuming .that they :alone were ..present, the m.ixed salt'would consist'o.f 
7 2 •.i.p.per cent, barium 'acetate and' '27*81"'per cent.'barium propionate,' or, similarly, 'of,.'88*d5 'per cenV" 
barium'ace.t.ate and 11 *.35'per cent, barium, valerate. 

■■ QA. , 
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smell did not exactly resemble that of either ethyl acetate, propionate, 
butyrate, or valerate, with which it was compared. It seemed to be 
a mixture of these smells. 

[h) A portion of the dry salt was dissolved in a very little water and 
a drop of very dilute ferric chloride solution added. A deep reddish 
orange colour and a slight precipitate were obtained, showing the presence 
of acetate and propionate, and probably of salts of other fatty acids. 

Ether Extract (C). 

The ether extract was evaporated to dryness and the brown sticky 
residue dissolved in a little water. The solution was tested for lactic acid 
by the method of Uffeimann. A reagent was prepared by mixing 10 cx, 
of a 4 per cent, solution of phenol with 20 cx. of water and adding one 
drop of a solution of ferric chloride. This violet liquid is said to be turned 
yellow by a solution of lactic acid containing only i part in io,oco. The 
aqueous solution tested turned the reagent yellow. A solution of phosphoric 
acid or of mineral acids merely decolorized the reagent. The presence of 
lactic acid in the stale medium was therefore inferred. Other non-volatile 
acids could not be demonstrated. 

Thus very definite evidence has been obtained of the production of 
fatty acids by the growth of Fusarimn on Richards' solution. It is more 
difficult to determine exactly which of these acids are formed and in what 
proportions. However, the presence of acetic and propionic (which are 
practically indistinguishable), butyric, valeric, and lactic acids has been 
indicated. 

(v) The Crystals in the Stale Medmm, 

A constant feature of stale cultures of FtisaiTum in Richards* solution, 
not hitherto described, is the presence of long, more or less needle-shaped 
crystals, free in the liquid and embedded in the fungus weft. These crystals 
were picked out with forceps and freed mechanically from as much as 
possible of the mycelium. Tests showed that the crystals were insoluble in 
water ; they became white and opaque when boiled in water, but retained 
their shape. They were insoluble in alcohol, but soluble in dilute hydro¬ 
chloric acid. The crystals were therefore dissolved in dilute hydrochloric 
acid and filtered to remove any pieces of mycelium. This solution was 
tested. 

1. Nessleris solution gave an orange precipitate showing that an 
ammonium, salt was present. A piece of mycelium considerably larger than 
any which might possibly be adhering to the crystals gave only an exceed- 

';;,;ingly slight;precipitate with Nessleris. ■ 

2. Ferrous sulphate and concentrated sulphuric acid gave no brown 
;;^ring,ri,e,''iiitrate absent.''. 
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3. Barium chloride .gave no precipitate, i. e, sulphate absent* 

4. Ammonium molybdate, to which a drop of the solution was added^ 
gave a heavy yellow precipitate, indicating the presence of a phosphate. 

5. Ammonia gave a white precipitate of small star-shaped crystals 
(seen under the microscope). 

6. On adding a solution of sodium hydroxide to the acid solution of 
the crystals a white gelatinous precipitate, not soluble in excess of the 
reagent, was obtained. This indicates the probable presence of magnesium. 

The conclusion was then arrived at that the crystals consisted of 
magnesium ammonium phosphate, Mg(NH4)P04, 6 H,, 0 . This compound 
is practically insoluble in water and in ammonia, but is soluble in dilute 
mineral acids. 

This conclusion was confirmed by preparing magnesium ammonium 
phosphate artificially thus: to a solution of magnesium sulphate was added 
ammonium chloride, ammonia, and then ammonium phosphate. A crystal¬ 
line precipitate was at once obtained. This was examined under the 
microscope and found to consist of star-shaped crystals exactly resembling 
those previously obtained by the addition of ammonia to the acid solutions 
of crystals from the cultures. The addition of sodium hydroxide and 
sodium phosphate to magnesium sulphate did not result in the formation of 
these crystals : the precipitate was gelatinous and amorphous. 

Thus the presence of ammonia is essential for the formation of the 
crystals. There is no ammonia originally present in Richards' solution: it 
must therefore be formed by the fungus. The ammonia which is fixed in 
an insoluble salt cannot be held responsible for any part of the staling. 

(vi) Estimations of Ammonia* 

A few rough estimations of free ammonia in the stale medium were 
carried out.' 

a5 c.c. of stale medium were distilled into c.c. of a standard (approx. 
N/5) hydrochloric acid solution. The condenser was washed out with 
distilled water and the washings and the acid made up to 100 cx. 35 c.c. 
portions of this liquid were titrated with standard (approx. N/5)'sodium 
hydroxide solution. Hence the amount of ammonia, expressed in c.c. 
■N/io solution per 100 cx. stale medium,’was calculated' (see Table XII). 
The mean ( 3 ' 43 ) of the figures obtained for the acid medium, (o, 9, 10, 
■38, days)'was taken to'represent, the experimental error and was . subtracted 
from the values for the alkaline medium. 

' Thus,' little :fi'ee ammonia'' is. present in old, alkaline cultures,.. It, 
"remains , to "determine .what effect•'on growth addition of'.free" 

ammonia in', these'small amounts would" have. 

".' However, ammonia Ls-actually produced in fairly large amounts, as' is 

Qqa 



586 Pratt.—The Staling of F7ingal CuUitres. /. 

shown by the formation of the crystals of magnesium ammonium phosphate. 
Thus the ammonia—a potential staling substance—formed by Ftisarium 
growing on Richards’ solution, is nearly all removed from the sphere of 
action as an insoluble salt. 

Table XII. 


Percentage JV/io 


Age in 

pH, 

Percentage 

ammonia^ less 

days. 

Njio ammonia. 

experijnentai 





error. 

0 

4-6 

1.2 ) 



9 

4*6 

3.00 1 



lO 

S*8 

3*00 1 



28 

7'0 

2*52 j 



7S 

9-0 

13*76 


11*33 

79 

9.0 

8*36 


5-93 

qB 

s.s 

7*92 


5-47 


IIL The Effect on the Growth of Botryiis cinerea 

OF CERTAIN ORGANIC COMPOUNDS. 

Attempts have been made to discover what part those metabolic 
products which have been demonstrated chemically could play in produc¬ 
ing the effects observed in a stale medium. It has been shown that boiling 
will, ill the early stages of staling, give increased germinative capacity. 
Could this be accounted for by the removal of alcohols or aldehydes? 
Are the growth-retarding properties of organic acids great enough to justify 
the theory, suggested by the results of ether treatment, that they are the 
inhibitors which are effective in the acidified stale medium ? 

Answers to these questions were sought by adding these compounds in 
different concentrations to fresh Richards' solution and comparing the 
growth of Botrytis germ-tubes in drops of these liquids. 

The effects produced by relatively large amounts of ethyl alcohol, butyl 
alcohol, and acetaldehyde are shown in Table XIIL 


Table XIIL 


Amount added. 

App 7 'oximat& 
proportio 7 i in 

R.S. 

Ethyl 

alcohol. 

Butyl 

alcohol. 

Acetaldehyde. 

5,,c.c. R.S. + I c.c. „ 

I in 6 

11*70 

0 

0 

5' c.c. R.S.+0*5 c.c. ■ 

I in 11 

as control 

0 

0 + 

'5 cx. R.S.+ 0-25 c.c. ■ , 

I in 21 

, 

6*90 

■1*62' ,. 

5 c.c. R.S. + 0*125 c.c.' ■, 

I in 41 

' » 

8*6i 

6-20 

R.S. control 

12*80 

13.87 

15-56 


Ethyl alcohol was found to be practically ineffective ; even at the high 
concentratioh'' of, :i 'part in' 6'deduction Hn'growth'was, negIigible.;',''''Butyl 
alcohol, waS'toxic at;, tbis;,concentration.|,but .allowed of quite, good','growth 
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when it was present at the concentration of i part in 21 R.S. Now the 
quantity of alcohols demonstrable in the distillate from stale medium is 
very much smaller than this. A solution of alcohol of i part in 41 smells 
very strongly alcoholic and gives a copious precipitate In the iodoform test, 
while the iodoform precipitate in the distillate was very smallj though the 
smell was unmistakable. Acetaldehyde, too, does not inhibit growth unless 
it is present in comparatively high concentrations, considerably more than 
the doubtful trace thereof found in the distillates. 

Thus alcohols or aldehydes alone are not very- potent stalers and can 
play no measurable part in the staling of Fusarium cultures. 

In the case of organic acids it must be borne in mind that the results 
obtained have to be compared with growth in the acidified stale medium. 
This is approximately 4, when the value for the control is 15 (cf. Table VI, 
where growth in the acidified medium is 2*35 when the control is 9*16, which 
is equivalent to a growth of 3-87 when the control is 15). 

In the preliminary experiments varying amounts of normal acetic acid 
and propionic acid solutions were added to 100 c.c. of Richards’ solution 
(see Table XIV),' 


Table XIV. 


Preliminary Experimefits. Effect on Growth of Botrytis. 
cmerea of Addition of Fatty Acids. 


W-.S. + jV add 
sohiii&n. 

Acetic add 
+ A!.S. BoU 
growth. 

pit acetic 
■rW.X 

Propiotiic 
add -r R.S. 
Bot. gi-owik. 

pH Propionic 
+ R.S. 

ICO C.C. + 2 C.C. 

0 + 

3-S 

0 

3*S 

100 C.C. + 1*33 c*c. 

V83 

3*9 

c + 

3*9 

100 c.c.1*143,c.c. 

0*71 

4*0 

O-f 

4*0 

100 c.c. + I c.c. ■ 

1*32 

4*0 

0*845 

4-0 

Control R.vS. 

10*15 

4*6 

10*15 

4.6 

ICO c.c. + I c c. 

2*13 

3*S 

o-^ 

4*2 

100 c.c. i* 0*5 c.c. 

3-76 

4*0 

,3*9 

4*4 

100 c,.c.-h 0*25 c.c. 

8-36 

4.T 

6-23 

44 

100 c.c. + 0*125 c.c. 


4*2, 

8.49 

4*6 

Control R.S. 

9*0 

4.6 

■. 9*28 

4-6 


It will be seen that relatively low concentrations of acetic and propionic 
acids greatly reduce the mean germ-tube length. At about 0*03 per cent, 
acetic acid. (0-5 cx. N acetic acid to 100 cx. R.S.) growth is considerably 
less than' the' control, and at 0-063 perycent* growth is about equaTtd, 
that, in an acidified stale' medium.. When the concentration of acetic acid is 
again doubled growth is practically stepped. These results ca'n in no case 
be, attributed ,to increased acidity, since the pH value lies betwxen 3-8' and. 
Propionic acid .has the .same,',efFect, but,appears to act at somewhat 
lower concentrations.' , ' 
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These results suggested that a study of the growth-retarding powers of 
a larger number of organic acids might be of value. In testing the effect of 
various concentrations of organic acids, the adds were added, not to the 
fail-strength medium, but to R.S./ioo, as in that way the conditions in the 
acidified stale medium were more closely approximated to, experiments 
having shown that the sugar content of the staled liquid was in the neigh¬ 
bourhood of R.S./iOO. 

The primary object of the experiments was to compare the •effects of 
different acid radicals; hence the acidity might be neglected, since it was 
very nearly the same in every case. The acidity ranged from pH = 4*6 to 
pH == 3-3, and thus fell in the region where germination (see Webb) and 
growth of Boirytis cinerca are not greatly affected. The spores of this 
fungus are knomm to be tolerant to hydrogen ions over a comparatively 
wide range of concentration from pH = 3-1 to neutrality. The differences 
of germ-tube length, due to pH variation itself, observed within the range 
of pH of the experiments described here, fall within the experimental error. 

The following acids were used: 

Fatty acids'. Acetic, propionic, butyric, valeric, glycoliic (hydroxy- 
acetic), and lactic (hydroxypropionic). 

Dicarboxylic acids : Oxalic, malonic, succinic, and glutaric. 

Aromatic acids: Benzoic, salicylic (i-a oxybenzoic), dioxybenzoic 
(i: 2 :5), and gallic (i: 3 :4: 5 trioxybenzoic). 

Approximately fifth-normal solutions of the fatty and the dicarboxylic 
adds were made up and standardized. Varying amounts of these add 
solutions were added to 10 c.c. R.S./100, namely c.c., i-o c.c., 0-5 c.c., 
o*z 5 C.C., 0 -IZ 5 C.C., giving approximately N/z 7 * 5 , N/ 55 , N/105, N/Z05, 
N/405 strengths of acids respectively in the nutrient solutions. Drop- 
cultures with spores of Botrytis cinerea were set up, and the germ-tubes 
measured in the usual way. 

Since the aromatic acids are much less soluble, it was not found 
practicable to make up N/5 solutions, except of gallic acid. Therefore the 
appropriate amount of each acid was weighed out and dissolved in 100 c.c. 
R.S./ioo, so as to give a N/ioo solution in R.S. Dilutions were obtained 
by adding 50 c.c. R.S./ico to 50 c.c. of the N/ioo solutions, giving N/300, 
'and by adding 50 c.c. R.S./ioo to 50 c.c. of this N/zoo, giving N/400, and 
so,on. 

The solutions of benzoic, salicylic, and dioxybenzoic acid were found 
to be somewhat more acid than those containing fatty acids, therefore 
cGrresponding series were carried out in each case , in which'N/io . sodium 
'hydroxide:'was,added,'drop'by drop,.until the pH = 4^,6 (seeTable XVII). 

;; In'the tables'given';,XVI, and XVII)' the'actual' experimental 
/values. of'the;''mean';'gerin-tubedengths,,are 'all r'educe'd'' so'''as' to' correspond" 
with a control value of This is necessary here for the" purp'ose''of com- 
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parison of the effects of different acids. In other parts of this paper the 
experimental values are given. 

Table XV. 

T/ie Effect on Botrytis Grototh of Addition to Ricfiardd Solution 
of Oigaiiic Acids. 


Sirengtk 
of acid 
in R . S . 

iV 

A" 

.V 


A^ 

27-5 

55 

105 

205 

405 

Acetic 


2.0S 

5.69 

10.32 

11.29 


0 

1^65 

5*93 

8-88 

10-2 

Propionic 


O-r 

3*5 

7'35 

9-35 


O-r 

0 -h 

4*32 

S 04 

Butyric 

0 

0*5 

i*6i 

4*1 

9-27 

0 

0 

07 

3*37 

571 


0 

0*7 

2*54 

4-02 

6*2 

Valeric 


376 

5-38 

6-66 

12*17 

}j 

Glycollic 

0 

4*7 

675 

10-03 

12*38 


1072 

21*53 

12*46 

157 

Lactic 


8*0 

9*2tS 

10-38 

11*3 

Malonic 

5-9 

7*26 

10-37 

11-3 


V 

6-71 

9-17 

10*27 

12-69 


,, 

4*i8 

S»oS 

10*45 

10*09 


Succinic 

io-i6 

11*02 

3 3 - 3 S 

14*15 


Glutaric 

872 

10.7S 

11-29 



9*88 

12.3S 


15*09 


Strmgth 
of oxalic 

N 

N 

2V 

A* 

A' 

acid in 

19*3 

38*6 

73*7 

i43*9 

284*3 

R , S . 






Oxalic 

0 

1*44 

— 

7*5 

9*37 



273 

5*3 

10*42 

10.58 

J7 

0-54 

2*79 

5*06 

8*52 

■10*2 





Table XVI. 



The Effect on Botrytis Growth of Aromatic Acids. 


Strength 

N 


N N 

A" JS N ' A" A’ 


of acid 
in R.S. 

100 

200 

400 800 

.1000 1600' 2000 3200 40C0 

6400 8000 

Benzoic 

0 

0 

0 0 

■ 7 *So 8*34 I 

2*05 

Salicylic 

0 

0 

0 0 

. 0 8*3,2 ' 12*65, 

' as con¬ 





trol. 

■'Dioxybenzoic o 

176 


■ 1,1*49 L3*63 



0 

1.34 

0 

4*6 8*41 

7 j 

Gallic 

as con- 

as con¬ 

as con¬ 




troL 

trol. 

trol. 



■ 'These reduced values are used in the graph of the results in 

'which' the 

ordinates: ■ represent acid, concentrations in Richards' solution N/ioo,^ N/aoQ| 

0 

0 

CO 

&C.J .and':: the 

a,bscissae,'. 

represent,, Botrytis, 

leiigthS"r;iii,' 

divisions of the micrometer eye-piece (see figure on p- 590). 





590 Pratt.,—-The Stalhig of Fimgal Ctdttires. T 


Table XVIL 

The Effect on Bo try tic Growth of Aromatic Acids when pH = *^* 6 * 





iV 


N 

iV 

yV 


55 

7 - 

100 

200 

400 

800 

1600 

Benzoic 



0 

0 

5.17 

7*73 





0 

0 

2“08 

3*45 

12*28 

Salicylic 



0 

0 

10*92 

13-6 


Dioxybenzoic 

6*56 

8*8i 

11*21 

as con¬ 

as con¬ 






trol. 

trol. 





The effect of various organic acids on Botrytis gxowih.. 


'■ It' is ':':at voace' evident that aromatic acids, ■ benzoic and .'salicyIk/ are' 
toxic even' after/ the; ad'dition; of'sodium, .hydroxide,' at ^'much ''.: .lower/' con-' 
.'centrationsTfaan ..'are/aiiy.''.,of',. the fatty acids- ■ Growth is'entirely:.inhibited..' 
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by either at N/aoo, and reduced to 4 (which is taken as 'representing growth 
in tlie^ acidified stale medium, see Table VII) at about N/500 in the case of 
benzoic acid+ NaOH, and at about N/275 in the case of salicylic acid 
+ NaOH. Bioxybenzoic acid + NaOH is much less toxic than the acid 
alone, this being due, probably, to the marked acidity of the latter (pH 
== 2*2~3*4). Gallic acid is but slightly toxic at high concentrations (N/io). 

Among the fatty acids distinct differences in toxicity are shown, pro- 
pionic and butyric acids being effective at lower concentrations than acetic 
acid, while the next higher member of the series, valeric add, is less toxic 
than acetic acid. The introduction of a hydroxyl into the acid' radical 
seems to reduce very largely its toxicity; N/55 glycollic (hydroxyacetic) 
and lactic (h 37 droxypropionic) acids have but little effect. 

It is interesting to note that oxalic acid, which has been generally 
supposed to be a very deleterious plant product is somewhat less effective 
in reducing Bot^ytis growth than is acetic acid. The toxicity of the dicar- 
boxylic acids rapidly decreases when passing up the series, malonic, succinic, 
glutaric, with the introduction of hydroxyl into the radical. similar 
decrease in toxicity, with increase in hydroxyl, is shown by glycollic 
(hydroxyacetic) and lactic (hydroxypropionic) adds, and by the aromatic 
acids, salicylic, dioxybenzoic, gallic. 

From the graph it is possible to find the approximate concentrations 
of acids in Richards' solution, which are required to reduce the growth to 
a value equivalent to that in the acidified stale medium (=4): 


Benzoic+ NaOH . ... N/5C0 Oxalic , , , . . . N/!;5 

Salicylic + NaOH . . . N/275 Valeric . . , . . N/^o 

Propionic.N/200 Malonic ...... N/25 

Butyric ...... N/200 Dioxybenzoic + NaOH N/25 

Acetic . . - . . . N/‘75 Gallic.N/io 


Similarly, the approximate concentrations required for inhibition of 
growth are found to be: 


Benzoic + NaOH 
Salicylic + NaOH 
Butyric , . . , 

Acetic 

Propionic • , . 

Valeric ^ 

Oxalic . . . . 


N/200 

N/50 

■N/20 


N0W3 it has been found, by testing different dilutions, that it is practically 
impossible to distinguish between these fatty acids in dilute solution, and, 
indeed, impossible to demonstrate their presence, by 'means of' ferric chloride. 
'However,, the ester test (sulphuric acid and alcohol) will show the presence 
of organic acids In'fairly 'dilute solution,-for example,'in ,N/i go propionic 
acid. , The preseoce- of ' organic; acids'in the stale.' medium may be demon¬ 
strated by thC''ester'test, when the fruity smell is ■ .much'stronger’than with 
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N/ioo propionic acid. Thus it may be assumed that organic acid radicals 
are present in greater concentration than that corresponding to N/ioo, 
quite probably as much as N/50. As has already been shown, a large 
number of the organic acids examined cause considerable reduction in 
Botrjfiis growth at lower concentrations than this. 

The general conclusion from these experiments is that organic acids of 
the fatty acid series are sufficiently toxic to explain the fact that, even after 
it has been acidified^ a used medium is still" stale’, i. e. permits only reduced 
growth of Botryiis spores. Moreover, these acids are produced by Ftisaritmt 
in sufficient concentration to give this effect. 

Aromatic acids, which, however, have not been demonstrated in the 
stale medium, are more toxic than fatty acids, while oxalic acid is somewhat 
less deleterious than acetic acid. 

The introduction of hydroxyl groups into the acid radical, both fatty 
and aromatic, progressively decreases their toxicity; indeed they then 
become available as sources of food. 

The conclusions of Waterman ( 1915 ) afford interesting parallels with 
these. His aim was to determine the nutritive value of aromatic and fatty 
acids as the sole source of carbon for Penicillmm glaucum. This fungus 
can grow on /-oxybenzoic, m-oxyhenzo\c, protocatechuic (1:2:4 dioxy- 
benzoic), and gallic acid. Salicylic add (<?-oxybenzoic) has a very slight 
nutritive value, while 1:2:5 dioxybenzoic (that used in the present experi¬ 
ments) is not assimilated. Acetic acid is, he found, the best nutrient of the 
fatty adds ; the highest fatty acids have an injurious action. Succinic acid 
is a good source of carbon; oxalic and malonic have a poor value. He 
states that the introduction into the molecule of a methyl group, in general, 
reduces the nutritive value of a compound, and that the injurious action of 
a compound is generally reduced by introduction of the— OH or COOH 
group. This last conclusion finds an exact parallel in the work described in 
this paper. 

Waterman explains his results on the basis of the difference in the 
oil/water partition ratio of the acids ; a high oil/water ratio, with appreciable 
solubility in water, corresponds with a high injurious action. 

SUMMARY- 

I. The literature on the subject of the staling of fungi in culture 
is surveyed.. 

' yat Fusarium sp. was grown on Richards’ solution, and the ‘^staleiiess’ 

examined by thegerm-tube method. 

3. Exhaustion of food is not of primary importance, as is shown by 
growth:', in; dilutions: of - the ’ stale ^ mediu.m,' and ' in'.'' dilutions';. 'ofthe- 
fresh medium', and by .'quantitative determination of the remaining sugars'. 
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4, Boiling brings about partial restoration of a stale medium when the 
culture is still acid. Acidifying will effect partial improvement in older 
alkaline cultures. The result of acidifying and boiling the same liquid is 
greater than the sum of these two separately. Staling is not considered to 
be due to an enzyme which is here deactivated by heating. 

■ 5 ” Extraction with ether after acidifying, but not before, removes the 
staleness. This is evidence against the presence in the alkaline medium of 
free organic nitrogen bases, and for that of the salts of organic acids. 

6. Oxidation of the medium with hydrogen peroxide and with gaseous 
oxygen was ineffective in removing staleness. 

7. Charcoal is capable of considerable absorption of the toxic sub¬ 
stances, but this is not made manifest till alkalinity is removed. Treatment 
with colloidal clay Coliosan ’) gives growth very nearly as good as in the 
control. It makes no difference whether the liquid is acidified before or 
after treatment. 

8. Chemical tests indicate the production by Fusarium growing on 
Richards’ solution of ammonia, small amounts of alcohol, and of salts of 
fatty acids, acetic, propionic, butyric, valeric, and lactic, and, possibly, of 
traces of aldehydes and formaldehyde. 

9. The presence in the stale culture of large crystals of insoluble 
magnesium ammonium phosphate shows that fairly large amounts of 
ammonia are produced, but that it is nearly all deactivated. The amount 
of free ammonia is small. 

After the alkaline stale medium has been boiled, it is found to be 
more strongly alkaline. This final alkalinity is not due to ammonium 
compounds.' 

10. The growth of Botrytis spores is affected by the addition to the 
fresh medium of various organic compounds which have been demonstrated 
in the stale medium. Alcohols and acetaldehyde are toxic only at high 
concentrations; they can play a very small part, if any, in ‘staling*. 

■ Simple organic acids'are toxic at sufficiently low concentrations to be 
responsible for the poor germinative capacity of the acidified stale medium. 
A graph is given, in which the toxic ' effects of a number of organic acids 
are compared. 
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NOTE. 

PHOTOTAXIS AND THE PRESSURE OF LIGHT.—The idea of photo- 

taxis as a biological property of the lower organisms was established by Strasburger 
in the year 1878, and since then this phenomenon has been studied by many 
investigators. However, no one has attempted to define the nature or to disco\*erthe 
cause of this remarkable phenomenon. All investigators of phototaxis recognize it as 
a manifestation of the peculiar power of protoplasm to react to the stimulus of light; 
the organism, under the influence of this stimulus, actively moves towards or 
away from the light. I think that every naturalist will agree with the thesis that 
at the bottom of any physiological property of whatei^er organism there most lie 
some kind of physico-chemical cause. Such a cause we must seek in the present 
instance, with the object of explaining the appearance of phototaxis. 

The cause of phototaxis must lie in the interaction of the light-energy and the 
construction of the body of the organism, as well the apparatus (of course, living), 
which reveals the action of the light-force on it, always in accordance with its organiza¬ 
tion, i. e. with the construction of the plasm and like organs or organoids of the ceil 

The nature of light-energy is still far from being completely solved, and still 
more remote is the solution of the problem of the nature of the living protoplasm. 

Physicists have investigated the question of the mechanical pressure exerted by 
light-rays. This question is an old one, and was first raised by Kepler in the year 
1608, with the object of explaining the formation of the tails of comets. 

Theoretical considerations of the pressure of light were expressed many years 
ago by Maxwell, and in more modern times the idea of light-pressure has received 
a real confirmation in the experiments of Professor Lebedeft? 

Schwarzschild,’^ by a mathematical analysis, has showm that with black bodies of 
extremely small dimensions, the diameter of which is comparable with the wave- 
length of light, the pressure of light is equal to the force of gravity; with a still 
farther decrease in diameter, the light-pressure may be eighteen times that of gravily. 
Schwarzschild states: Hm Normalfall wird der Brack des Lichtes gleich der 
Schwerkraft, sobald der Kugeidurchmesser bis auf 2,5X=i,5ft herabsinkt. Bei 
weiterer Verkleinerung der Kugel wachst der Druck fiber die Schwerkraft hinaus^ 
bis er sie bei einem Kugeidurchmesser von o,3X = o,i8ju, uni das i8-fache iib.r- 
trifft. Von diesem Maximalwert sinkt er schnell wieder ab und wird bereits fur den 
Kugeidurchmesser, 0,12 X = 0,07/L \vieder der Schwerkraft gleich, urn sich sodann 
rasch der Null zu nahernf 

, The question arises as to whether the. key to the solution of the mechanism of 
phototaxis is to be found in this property of light. 

The, idea of the pressure of light-rays, as a mechanical cause of • phototaxis, 
'seems a possible one. ■ If we suppose,that the construction of the pliototactic 
' C'hiamydomonas. and of green zoospores is of such a nature that the fate of the 
rays ' of light falling oR' to . it' varies^' in different parts of the body—in^ some, 

'Lebedeff:' Ann- d., Pliysik, 4. Folge, Band 6 , S. 433. . 

: ■2'Schwarzscliild,: ■ Der,Bni,ck 'des Jbichtes auf Heine Kngeln'imd die Arrhenmssche .Tbeorie'def: 
Cometensckweife. Sitziingsber. d.' mathem.-physical.'', Klasse der K'onigl. Akademie der Wissen- 
■Vschaffcen zn M,imchen, 1901, S, 335.' ' , ' 

(Annals of Botany^ Vol. XXXVUU. 'No. CBI. Jnly, X 9 » 4 »] 
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parts the light is reflected, while in others it is entirely absorbed by the minute 
elements of the chlorophyll bodies, not exceeding i /x in diameter; and lastly, 
some of the rays pass right through the body, without being either absorbed or 
reflected, and so on—one may imagine that, under the influence of the uneven 
difl'usion of the light-rays on the surface and inside the organisms, the pressure 
of the light on the various parts of the body will also be different. As in the 
case of so-called geotaxis, where the direction of motion depends on the position 
of the centre of gravity, so in the case of phototaxis it is possible a priori to 
suppose a special centre of the pressure of light. In order to explain positive 
phototaxis, it is indispensable to assume a centre of application of the force of light 
situated at the posterior end of the body of the organism, for in this case, in whatever 
way the actively moving organism turns, the position of this centre will always bring 
the organism with the front part of its body towards the source of light. On such an 
assumption it is easy to explain the difference in the sensitiveness to light of different 
organisms, since the sensitiveness is in this way made dependent on the position 
of this centre. Observation of organisms showing phototaxis at the time when they 
are moving in an almost straight line towards a concentrated source of light (as in the 
case of observations taken in a hanging drop illuminated by the sun-rays) always reveals 
a wavering of the body of the organism, i. e. the organism does not move in a 
perfectly straight line, but in a zigzag manner, as if every effort of it to the side 
were met by a resisting force which immediately forced it back again. In this way 
positive as well as negative phototaxis can be explained. Both the degree of 
geotactic sensibility and the degree of phototactic sensibility can in this way be 
made directly dependent on the position of the centre of the application of the 
force, which is with geotaxis the centre of gravity, and with phototaxis the centre 
of application of the force of the light-rays. 

The micentraied light which is obtained in the focus of a drop of water is 
absorbed by the organism, but does not kill it, as it cannot heat the microscopic 
organism contained in the hanging drop in consequence of the comparatively great 
surface of body compared to mass. The organism under these conditions does not 
throw off its cilia, as occurs in the case of the heating of the whole drop. 

The question why some organisms do not exhibit phototaxis (e. g. Parmaecium 
and Other infusoria in the experiments of Sosnowsky, Jensen, and others) is not 
difficult to explain if we bear in mind that the pressure of light is proportional 
to the light-energy absorbed by the body* The infusoria are transparent to a 
considerable degree, and the organization of their bodies may be of such a kind 
that inside the bodies there is not, "and cannot be, formed a centre of application of the 
force of light, and therefore they are not subject to the mechanical action of light. 

This suggestion of the relation between phototaxis and the pressure of light 
appeared in my book (published in Russian in Warsaw in 1904) entitled 
Materials for the Study of the Morphology and Physiology of Green. Algae^ all the 
remaining copies of which were lost in Warsaw in 1915. 

V. F. CHMIELEVSKY. 

Botanical Institute, University, 

Rostov-on-Don, Russia. 
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Introduction. 

I T has already been' demonstrated in a previous paper ( 1 ), that the organic 
acids which Fmarium produces'will account 'for the fact that ,aii' 
acidified stale taedium ' permits only reduced growth oi ' Botrf its spores. ' 
The ,question then arises, as,, to whether these 'acids represent'part of the 
f'staling principle ^ or whether a' 'growth-inhibiting factor, which, does. nO'fe,': 
'exist, ia the''alkaline, medium, has been introduced by acidification.',' 'It is,,' 
.Gonceivable'thatthe'toxicity'Of organic adds,may,be .due to the,tin-ionked 
■part", of'the 'slightly dissO'Ciated' free .acids, and that,the ions: 'Of, the highly 
.'dissociated potassium salts may have little or no toxicity. This Was tested : 

''',CAsmals:M'Boteiw,'Vot'XXX^ m CEH. October, ■, ■ ,V' 
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by an experiment (Table I), in which propionic acid was added to diluted 
Richards' soltttion (R.S./ioo) so that the acid concentration was N/io.^, and 
a range of hydrogen-ion concentrations was obtained by adding drops 
of a potassium hydroxide solution. As a control a similar range was 
obtained by adding KOH to R,S./ioo. 

Table L 

pH varied by Addition of Potash Solution. 

pH _ 3-2 4*6 

R.S./ioo AVrj/w growth ii-io 10*64 

R.S./ioo 4* H.PrN/106 o 1*13 

Boiryiis growth. 

The results show that on the alkaline side of neutrality the organic acid is 
ineffective in reducing growth. MoYeover- alkalinity due to potash, i. e» 
hydroxyl ions, is but slightly effective, so that mere pH value does not 
appear to be a growth factor within very wide limits. 

Thhs the alkaline medium mhst be studied in order to discover the 
essential staling principle. 


6*0 

7*0 

8*0 

9*0 

9*76 

10*17 

6*97 

7-78 

7-45 

II *30 

8*62 

6*93 


Origin of the AiKALiNiTt. 

The experiments described below aimed at throwing some light on the 
origin (or cause) of the alkalinity developed by cultures of Fusarium on 
Richards' solution. 

i. Omission of Different ConstiUiefits of Rithardd Solution. 

A series of flask cultures was set up, in each of which one of the con¬ 
stituents of normal Richards' solution was omitted. At regular intervals 
the contents of a flask in each series were Altered, the "dry weight of the 
mycelium determined, and the pH of the filtered medium found. The 
results are set out in Table II, together with those of a control series with 
normal Richards’ solution. .. ■ 


Table II. 


Fays 
■staie .' ' 

pH. 

Wt. 

Fays 

stale. 

..pH, 

Fry'PP% 



grm. 



'grm.. 

0 T, _ 

4-6 

0 

B. 0 

■4*2 

0 

'■ f 

4 *^ ", 

0*0506 

8 

4-0 

0*0026 

10 ■ 


o*i866 

. . 14' 

■■ 3*8 

, ,0*0194' 


6*2 

0*1212 

■15 

V 4*1 . 

0'Oio7 


■ ' 6*6 " . 

0*3377 , 


' 4*1 ■' 

'o.*b274 



0*4193 

22 

^ 3 * 8 ' 

■ ., 0*0737 

21 '.:. 

7 * 4 , ■ ■■ 

0*5425 ; ■■■ 


., 4*0 ,,,, 

' 0*077,1,' 


8*6 

' . 0*6070 ■ 




9*0 

0*6102 
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Table II {contimted). 


Days 

stale. 

' pH. 

Dry PVt. 


Days 

stale. 

PH, 

Dry JVt. 



grm. 




grm. 

0 

6-4 

0 

D. 

0 

4*6 

0 

7 

6«6 

0*0170 


8 

6*S 

0*0301 

9 

7*2 

0*0171 


12 


o*o66o 

^3 

S-2 

0*0379 


L 3 

7*0 

0*0520 

14 

8*1 

0*0287 


15 

i *2 

0*0405 

16 

S*T 

0*0280 


19 

7-4 


21 

7*8 

0*1098 


21 

7*6 

0*0720 

3 i 

, 7*8 

0*0908 


26 

7*6 

0*0605 





29 

S *4 

0*0530 


E. No measurable growth. 


Medium in A. 


jj 

'it 

it 


B. 

C. 

D. 

E. 


R.S. 

R.S. without KNO4 
R.S. „ KH2PO4 

R.S. ,, MgSOs 

R.S. ,5 cane sugar. 


There was iid development of alkalinity in B, from which the potassium 
nitrate was absent j naturally the growth was small, but no smaller than 
when the phosphate or thfe sulphate was absent, in both of which cases the 
culture became alkaline. It is noteworthy, too, that in C and D alkalinity 
is developed much more rapidly than in the control (A) and with an amount 
of mycelium which produces no alteration of pH in the control. 

No measurable growth was obtained in the absence of sugar. 

The conclusion is drawn that the nitrogenous material,, at any rate in 
this particular medium, is responsible for the development of alkalinity. 


it, Diluimi of the Nitrogen Source. 

Similar flask cultures were, set up containing Richards' solution in 
which the potassium nitrate alone was reduced in amount. 


Table III. 


Days 

stale . 

pH . 

Dry WL 

V Days 
stale . 

///. 

Dfj IVi , 



grm. 



grm. 

0 

4*3 

0, 

B. 0 

3*8 

0 

i 

, 4*6 

0*0910 

, 7 

■ 4 * 2 „ 

0*0673 




10 


0*1460 

■1.3. 

' 6*2 . ' 

0*3037 , 

13 ■■ 

.n-8 

0*1944 




17, , 

6*8 

0*3133. 

21 

;' 6*6' 

,0*2855' .. 

21 

■ .K*S 

0T633 

H ' 

■',,',7*0 

0*3002 

■■ 24 ■ 

.. 6*2 , 

: o,* 34 i 6 " 

28 

7*0 


,, 28,' 

6-3 ' 


44 ' 

8*8 


. ■ 44 ■ , 

8-6, ■ 



R r %. 


A. 
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Table III {continued). 



Days 

stale . 

pH . 

Dry m . 

Days 

stale . 

pll . 

Dry 




grm. 



grm. 

c. 

0 

3-8 

0 

D, 0 

4*0 

0 


7 

4*0 

0*0575 

7 

3*7 

0*0401 


10 

4" 2 

0-0970 

10 

3*8 

0»o6I2 



4*4 

0*1096 

13 

4*0 

0*0842 


^7 

5*2 

oUSr2 

17 

4*0 

0*1030 


21 

5*4 

0*1402 

21 

4*0 

0*0950 


24 

6*4 

0*2790 

24 

5‘4 

0*1572 


28 

5-2 

0*1172 

28 

6*0 

0*2235 


44 

6'»o 

— 

44 

5*6 

0*1398 

A. 

R.S. with 

10 grm. 

KNO3 per litre (Normal strength). 



B. 

JS 

5 

?> 

ft 



C. 


2*5 ?> 

jj >) 

?> 



B. 

5J 

1.25 „ 

jj >? 

h 




Cultures were taken at intervals and the value of the pH and the dry 
weights of mycelium determined. 

The results (Table II) show that the pH value increases more slowly 
as the amount of potassium nitrate supplied is reduced. Moreover, reduc¬ 
tion in concentration of nitrogen source produces a smaller growth of fungus, 
so that change in reaction can be correlated with amount of growth. 
There is, then, a close relation between the amount of available nitrogen 
(i. e. potassium nitrate)^ the amount of mycelium produced, and tile change 
of hydrogen-ion concentration. 

It should be noted that the development of alkalinity is not a feature 
of all cases of staling. For example, in a set of cultures where the medium 
was Richards^ solution with a quarter of the normal concentration of 
potassium nitrate, the pH value did not become greater than &% in six 
weeks, although the medium was completely staled in four weeks. In 
another case where the potassium nitrate had been replaced by 0*264 per cent, 
asparagin, i,e. about one-third the usual concentration of nitrogen, there 
was no change of pH, nevertheless the medium, twenty-eight days old, 
inhibited the growth oi Botrytis spores. 

When, however, potassium nitrate was replaced by equivalent amounts 
of asparagin, ammonium nitrate, or calcium nitrate, the cultures became 
alkaline in three or four weeks, 

\\\. Estimations of Carhonates^ 

A number of estimations of carbonates in stale Richards® so-lution were 
carried out. The medium was treated with dilute sulphuric acid and the 
carbon dioxide given off absorbed by means of soda-lime arid weighed 
directly (Fresenius-Claussen method) or passed into a standard baryta 
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solution (Pettenkofer method). This gave the total carbon dioxide in the 
medium. The apparatus used in both methods was tested with N/io 
sodium carbonate solutions. Carbonates alone were estimated by first 
boiling a known volume of the medium to drive off any dissolved carbon 
dioxide and then determining the amount of combined carbon dioxide. 
Dissolved carbon dioxide was estimated by the Pettenkofer method by 
passing a current of COg free air through the medium (to which no acid was 
added). In some cases, acid was then added to the samples of medium 
thus freed from dissolved carbon dioxide and the combined carbon dioxide 
determined, with the unexpected result that these values were higher than 
those obtained when the medium was boiled to drive off carbon dioxide. 


Table IV. 

Results by Fresenius-Claussen Method. 
Carbon Dioxide in 100 cx> Stale Medium^ 


Days stale. 

Total COc^grtii. 

Days stale. 

Cemhined CO-j grm. 
{by Boiling). 

116 

0*0864 

117 

0*0304 

116 

0*0768 

117 

0*0256 

118 

0*0904 

117 

0*0288 

118 

0*0936 

523 

0*0384 


123 

0*0308 



213 

0*05x2 



132 

0*0340 


Table V. ^ 

Results by Pettenkofer Method* 


Days stale* 


170 

371 

^75 

m 

56 

57 

60 

61 

62 

63 ■ 
67 
69 


Carbon Dioxide in 100 cx. Stale Medium^ 


Total COa. 

Dissolved CO2* 

Combined CO2* 

, Combinid {by 
Boiling first). 

grm. 

grm. 

gtm. ■ 

grm. 

0*0525 

0 ? 0 II 35 

0*0025 


0*06 

0*04125 

0*06166 

0*1083 


0*040 

0*04833 



0*07625 



0*04875 

0*0385 

[0-0560] 

0*013$ 

, 0*0425 

0-03875 

[0-10135] 

0*0125 

0*08875 


■ [0*08625] 

0 * 0113 $ 

0*075 

0-05 

[0*08775] 

0*01125 

0.^0765 


0*0966 

0*00375 




(Figures in square brackets [—obtained by addition.) 


"NoWg, the fact that: the boiled liquid was found, to. contain only about 
one-half of the", .amount'of, combined COg present in the unboiled liquid 
suggests that a bicarbonate (which ds .converted Into carbonate on boiling 
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with loss of half its COg) is chiefly formed. On general consideration, too,; 
a bicarbonate—presumably potassium bicarbonate in the case of Richards'^ 
solution—is likely to be present, rather than the carbonate, since there 
must be in the medium an excess of CO^ from respiration. 

Examination of the figures of Tables IV'and V gives the following 
results: 

per cent* 


(i) Mean total CO^ 0*083 

(ii) Mean dissolved COg 0*009 

(iii) Difference between (i) and (ii) combined CO^ 3*^73 

(iv) Mean combined CO2 after boiling.(oxptl.), 0-040 

(v) Difference between (iii) and (iv) 0*033 

(vi) =:(v) multiplied by i, e. COg as bicarbonate in stale 

medium 0*0655 

(vii) Difference between (iv) and (v), i. e. COg-as carbonate 

in stale medium o*oo8 


As Will be shown below, the amount of bicarbonate , found in the stale 
medium is more than sufficient to account for the alkalinity developed. ’ 

The Effect on the Growth of Fungal Spores of the 
Alkaline Products of Metabolism. 

The alkaline metabolic products of Fmarimn on Richards* solution 
are, then, potassium carbonate and bicarbonate, the latter being formed in 
much greater amount; also free ammonia, of which small amounts have been 
demonstrated (3). 

Attempts were made to reproduce the alkalinity of the stale medium 
by adding to R.S./ioo various amounts of ammonia, carbon dioxide, and 
potassium bicarbonate solutions, and the growth of Botrytis in these liquids 
waS' compared with growth in R.S./xoo made alkaline with potash. Experi¬ 
mental details and results are tabulated 

Table 


Treatme^i of Medium. 

(t)'KOHtmpH =^8*4, ■■■ 

(2), "Id c.c* N/io NH4OH per 1:00 c.c. R,S./i'oo» 

'CO<> passed till pH'S*4 
:( 3 )'KHC 04 tillpH.«' 8-4 ■ 

(4)' 'S'c.c, N/io NH4OH per 100 c,c. l<.S./ioo 
(pH .then 10 + ) ' 

CO3 passed till pH ■— 7*0 , 

8-4 : 

'satorated witL' CO.^ ''(pHdIaen ■ 


below : 

VI. 

Sotryits Growi/i. 
' 10*58 , 

,11*85 
. 0*24 
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It will be seen [9) that ammonia and COo have no effect on Botfytis 
growths but the addition of potassium bicarbonate to the medium gives 
very reduced growth (3) compared with a solution of the same pH pro¬ 
duced by potash (i). The addition of ammonia when potassium bicarbonate 
is present, as in (4), has no further effect. 

Ill (5) the formation of potassium bicarbonate by passing COg into the 
liquid made, alkaline with potash w^as attempted. Although it was 
uncertain how' much bicarbonate or how much .carbonate had been produced, 
yet growth was much reduced. 

Ammonia does not seem to be an active staling substance in the case 
of Richards’ solution. Potassium bicarbonate is a very potent growth 
inhibitor; this is quite independent of its pH value, for growth is not 
sensibly reduced when the same pH is obtained with potash. 

In order to find out the amount of bicarbonate required to produce this 
effect, a molecular solution of potassium bicarbonate was added to 100 c.c. 
quantities'of R.S./ioo and a range of hydrogen-ion concentrations obtained. 
The Botrytis growth in these solutions was compared with that in R.S/ioo 
made alkaline with potassium carbonate and with potash. 


MoUmlar 

Amctini added 

Trsn c r 

Taible VII. 

Batrylis 

pH before 

pH afier 

Of C/£ V' 

added. 

i'Cr X Ww C tCr< • 

J?.S./ioo. 

Growth. 

Boiling. 

Bmimg, 

KHCO3 

0*1 c.c. 

S.21 

64 

7*S 


0*2 C.C. 

7*01 

7-0 

9*3 

37 

0*45 c.c. 

3*28 

7-S 

10 

3J 

1*35 c.c. 

0*38 

8-4 

' 10 

K2CO3 

1 drop 

9*68 

6-6 

7-0 

' J7 

I drop 

lo’oS 

7*0 

7»o 


i| drops 

8*24 

8-8 

S“S 

KOH 

9’32 

6*6 

6*6 

37 


9'55 

7,0 

7*0 

77 


9*5 

■^s 

7*6 

77 


10.” 24 

8*4 

S*o 


As will be seen in Table VIT potassium carbonate Ims no more effect 
than potash (i.e. pH value alone), so that any carbonate present in a stale 
medium need not be considered as a growth inhibitor. , 

As it seemed possible that some of the ammonia might be driven out of 
the solution by the mechanical .action of rapidly passing carbon dioxide, as, 
used above , (Table VI)^ and^ moreover, since the, carbon dioxide shifted the 
pH so rapidly in the acid direction that it was difficult to stop the ,'process 
at the required point (pH 8-o-8‘4), the following method was adopted: 

■ ■ .Varying' quantities of a standard (N/io), solutiop of ammonia were 
added to 100 c.c.'portions of R.S/ioo each 100 ex., two parts .were put 
'into cylind.ricalvessels;.a5, 'cx. capacity (actually weighing-bottles).''...'Several' 
'drops ,of an'indicator, ,cresol red, were'added to the liquid''in xne'-of'the. 
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bottles and both were placed in a large vessel, of the kind used as a desic¬ 
cator, in an atmosphere of carbon dioxide. A slow stream of carbon 
dioxide from the generator was passed through the desiccator. Gradually 
the liquids absorbed the carbon dioxide, so that in about half an hour, the 
time varying wnth the concentration of ammonia, the indicator began to 
change colour. When the indicator colour showed that the pH was about 
8*4, the corresponding bottle, without indicator, was removed from the 
desiccator, the pH of part of the liquid determined, and the rest used for 
a Botrytis growth test. 

Several ammonia estimations of the liquids, before and after the treat¬ 
ment with carbon dioxide, were carried out, and it was found that the' 
procedure did not cause any appreciable loss of ammonia. 

Drops of the medium containing ammonia, set up in the usual way, 
showed good growth, even when the amount of ammonia added was con¬ 
siderably greater than that estimated in the stale medium (3). However, 
the value of these observations is uncertain since a large proportion of the 
ammonia probably diffused into the container; the drops were less alkaline 
(pH about 8*o) at the end of the experiment than at the beginning 
(pH = I0 4 -). Still, this loss of ammonia would take place from drops of 
the stale medium under similar conditions. 


Table VIII. 

Effect on Botrytis Growth of Ammonium Bicarbonate. 


Amount N/io Ammonia Solution 
added to loo c.c. R,S./loo. 

pB. 

Botrytis Growth. 

I c.c. 

7.6 

Long 

2 C.C, 

7‘6 

Long 

4 c.c. 

8»o 

Long 

6 c.c. 

8*2 

Long 

8 c,c. 

8-2 

Long 

12 C.C. 

8*0 

9.43 

24 C.C. 

‘ 8-2 

7*97 

4*8 C.C. (N) 

8-4 

5*74 

9*6 c.c. (N) 

8 f 4 

0 


(*Long^ * 20 scale divisions and over; the germ-tiibes generally brancbecL) 


Ammonia neutralized by carbon dioxide, presumably chiefly 
ammonium bicarbonate,^ retards Botrytis growth, as shown in Table VIII, 
though 'not,to an' extent comparable with potassium bicarbonate,;,' for 
'example, at . a' certain concentration (i,aex. N/io, per loo c.c. of medium); 
growth is about half that in the control, while an equivalent conceiitration 
of potassium bicarbonate practically inhibits growth (see Table VII), A 
comparatively high'.concent ration of ammonium'bicarbonate (9‘6'c'.c.„N'' 
solution per lOo C.C.) IS required to inhibit growth entirely. 

^ Chemical evidence was obtained of, the presence of bicarbonate in the liquid, 
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This is probably due to the fact that ammonia is a much weaker base 
than potashj so that ammonium bicarbonate in solution is less dissociated 
than potassium bicarbonate, consequently a lower concentration of 
bicarbonate ions (HCO3) would be derived from a solution' of the 
ammonium salt than from one of equivalent strength of the potassium salt. 

The presence of potassium bicarbonate would explain a striking 
characteristic of the stale medium, namely that, on boiling, the alkalinity 
of the liquid is much increased (3). In the case of the bicarbonate 
alone, as shown in the last column of Table VII, boiling brings about 
increase in alkalinity comparable with that in the stale medium. The 
slightly alkaline bicarbonate is converted into the strongly alkaline 
carbonate. 

In order to determine with greater accuracy how much potassium 
bicarbonate was required to bring 100 c.c. of R.S/ioo to pH = S-a, 
a number of titrations with M/io potassium bicarbonate solution were 
carried out using various indicators, Brom thymol blue gave the neutral 
point (pH = 7'0) and, by subtraction of the results obtained with cresol red 
and thymol blue (pH = 8-^2), the free bicarbonate required to produce an 
alkalinity of pH = 8-3 was obtained. 


Table IX. 


Indicator. 


pH at End Point. 


(1) From thymol blue 7‘0 

(2) Cresol , 8."2 

(3) Cresol red 8*2 

(4) Thymol blue S*o-S*2 

(5) Means of (2) and (4) 8*3 


(6) Difference between (5) and (i) 


i//io KHCO^ cs. 
per 100 €,£. 
PE./ioo. 
2*16 
13 “02 
13*04 
12»84 
12-96 

ii*i 


Thus approximately 1*3 c.c. of a ■ molecular solution of potassium 
bicarbonate must be added to 100 c.c. R.S./ioo to obtain a pH ■ of 8-3, 
This result was used in the experiments described in Table X, in which 
increasing amounts of potassium, bicarbonate were added to R<S/ioo» 
The effects on growth of sodium bicarbonate and of ammonium bicarbonate, 
since this compound might be present in stale liquids, were also studied. 

Doubling the amount of potassium bicarbonate (i. e. raising to 3*6 cx.) 
was found to inhibit growth entirely. Sodium bicarbonate is .nearly.' as 
effective. Ammonium bicarbonate, on the other hand, had no.,inhibiting 
effect at ,i*3 ,cx. or 3*6 c.c. Where the alkalinity is due to potassium and 
ammonium bicarbonates in equal amounts (4), the reduced growth may be 
attributed chiefly to the potassium bicarbonate. 

: It should bemoted that pH = 8-6 is the,highest/value, obtainable',by 

the''additio'ii of' potassium bicarbonate to the medium, for this is the pH 
value of a solution, of the bicarbonate alone, ':' 
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Table X. 


‘Treatment of R.Sf 100. 

pH 

Botrytis Growth, 

(1) KOH 

S -4 

9.4 

(2) 1-3 c.c. KHCO3 molecular solution per 

8«o 

0*52 

100 c.c. 

(3') 1.3 c.c. NH4HCO3 molecular solution 

8»o 

as control. 

per 100 c.c. 

(4) 0'6 C.C. KHCO3 solution 

0*6 c.c. NH4HCO3 solution per 100 c.c. 

8*0 

2.09 

(5) 2*6 c.c. KHCO3 solution per 100 c.c. 

8”4 

0 

(6) 2*6 c.c. NH4HCO3 solution per 100 c.c. 

S”2 

as control. 

(7) 5‘‘2 c.c. KHCO3 solution per 100 c.c. 

8.6 

0 

(8) 10*4 c-c. KHCO3 solution per 100 c.c. 

8.6 

0 

(9) 2*6 c.c. m/2 NaHCOs solution per 100 c.c. 

—. 

0*80 

(10) 5*2 C.C. M/2 NatlCOg solution per 100 c.c. 

— 

0 

(il) io»4 c.c. M/2N aHCOg solution per 100 c.c. 


0 

(12) 20-8 c.c. M/2 NaHCOg solution per 100 c.c. 

— 

0 


Now solid ammonium carbonate, from which the molecular solution 
was made up, is an unstable substance which smells strongly of ammonia 
and is said to contain varying quantities of ammonium carbonate'and 
carbamate, so that the use of the solid was abandoned. Evidence of the 
inhibiting power of ammonium bicarbonate is given above in Table VIIL 
However, from the nature of the medium used, it seems unlikely that 
ammonium bicarbonate is formed to any extent; in any case the formation 
of potassium bicarbonate, a much more potent growth inhibitor, would 
precede it. 

In the work described above, the spores of Botrytis cinerea were always 
used in growth tests, but it was found that the spores of other fungi are 
also susceptible to the presence of potassium bicarbonate. In those fungi 
tested, the growth could not be readily measured by means of a micro¬ 
meter eyepiece; the great differences which were observed between growth 
in the controls and in drops of R,S./iop containing c.c. per cent, 
potassium bicarbonate are described in the table below. 


Table XL 

The Effect of Bicarbonate on the Grozvth of the Spores of Various FungL 

Gromih in about 1*^ Hours, 

ILSpioo 

+57% 

KHCO. 


■ Fungus .''' Temperature, 

R,S./ioo 


A’.X/ioo 
^KOH 
pH ^ S -4 

R.S./ioo 
+ 2 « 6 % 
AHCO^ 
pH ^ 8-4 

BoirytiS 'cinerea 

15° 

Long, branched 


Long, branched 

0' 

FenicilHum^ sp. 

15 

I -2 (20% germination) 

0 + + 

0 


20° 

S-I 0 ( 30 % „ 

_ ) ' 

as R.S./100 

0, 

, 'JS,' ' 

=5" 

» 0 ( 20 % ). 

) 

asR.S./ioo 

0 

'Aspergillus niger 

30 ° 

0 


0 

'' .O' , ' , 

f 7 S ' 

25° 

Long (75% „ 

) 

asR.S./xoo 

0 

' ■' 

■ 30 

Long, branched 

Long, branched 

0 , 

: 'MmAUa fruciige'na 

15° 

: -Long,'branched ■' 


' 

'.,Q. ' 

■ Fusarmmy sp. ' 

15° 

"Good 


Good 

' V. slight ; 

Mucor racemosus ' 

15° 

;Good".'' 


...Good' 

' V.' occasional ' 


"v,' slight. 

■: : ' o ■;■ 
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Thus, the inhibiting effect on fungal growth of potassium bicarbonate 
seems to be general Further work will, it is expected, extend this list. 

So much for the power of potassium bicarbonate as a growth inhibitor. 
To complete the story, the quantities of bicarbonate added in the above 
experiments must be compared with those determined In the carbonate 
estimations. From these estimations it was found that 0-0655 
the average amount of COo present as bicarbonate in ico c.c. of the stale 
medium. But i*ii c.c. molecular solution of potassium bicarbonate (see 
Table IX), which shifts the pH of 100 c.c, R.S/ioo from 7*0 to 8*4 and 
practically stops growth, contains only 0-0044 grm. CO^, that is, less 
than half the amount usually present in a stale medium. Thus potassium 
bicarbonate is in all probability formed in Richards’ solution in an amount 
more than sufficient to inhibit growth. 

It is of interest to note that these quantities of carbon dioxide as 
bicarbonate compare well with the amounts of free carbon dioxide which. 
Brown (1) found to inhibit the growth of fungal spores. He showed that 
germination and growth of Botrytis spores were practically stopped in 
an atmosphere containing 20 per cent. CO2 by volume, and absent in an 
atmosphere of 30 per cent. CO^. Now %o per cent. CO2 by^ volume is 
equivalent to approximately 0-0368 per cent grm. COo at 18® C. and 
30 per cent, to 0-055 COg, which are of the same order of 

magnitude as the figures obtained in this work, viz, 0-0544 cent. COg 
and 0 ’o 655 per cent. CO2. 


Discussion. 

A discussion of the problem of staling in the light of the foregoing 
experimental results must be prefaced by a general consideration of the 
phenomenon. There has been a certain amount of controversy on this 
question: on the one side staling has been ascribed to exhaustion of food or 
of some essential food element, and on the other to the inhibitory nature of 
metabolic products. ' It will be seen that this can be attributed to the two 
methods of experimentation available, and' depends on the precise meaning 
attached to' the word ‘ staling’. The problem has been attacked ■ either'by 
a study of the amount of fungus material produced or by determination of the 
germinative capacity of the medium in which a fungus has grown, the latter 
method being the one used in the present paper. 

Several workers have used the dry-weight time curves as a basis of 
■argument.' .According to them, the fungus culture may be. defi'ned' as 
stale ’ when no further increase of mycelium takes place. Now the rate of 
increase of fungus'material depends on two processes, the rate of, uptake of 
.'■nutrient and the, rate of'katabolic processes, and is equal to .the difference 
betW'een. these ,twm ■ rates, , The^ food, supply will diminish with:-time,.and. 
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consequently the former will decrease. The nature of the latter process is 
not so clear, but certainly must consist of at least two parts—respiration, as 
evidenced by steady evolution of carbon dioxide, and autolysis. Autolysis, 
that is digestion of the fungal tissues, has been shown by Dox and 
Maynard (2) to increase as the carbohydrate in the medium is exhausted: 
it results in the restoration to the medium of a large part of the nitrogen 
previously assimilated by the fungus until, in seven or eight weeks, equi¬ 
librium is established and the nitrogen appears to remain constant. 
Autolysis takes place in the older parts of the hyphae, so that the fungal 
weft loses its firmness and becomes soft and rather transparent. Examined 
under the microscope such hyphae are seen to be filled with protoplasm 
only at the tips: farther back the protoplasm has become very attenuated. 
At a certain stage these two processes exactly balance, so that there is no 
longer any increase in dry weight and the curve becomes flat; after this the 
curve declines and there is a steady diminution of weight, for autolysis is 
then the ruling process. 

At the flattened crest of the curve, workers on these lines would say 
that the cultures are stale ^ But when the condition of steady weight is 
reached, it does not mean that the fungus is unable to grow. The hyphal 
tips are still growing, but only sufficiently to make up for loss in fungal 
mass due to autolysis. Food is by no means exhausted, though there is 
insufficient to make good the wastage. Thus a culture which is stale as 
measured by the weight method is not yet stale when measured by active 
germinative capacity. Such ‘staling’, i.e. the point when the culture is 
no longer gaining weight, is necessarily delayed by the addition of food. 
The curve goes up once more, and hence one could justly say that staling 
is due in this case to exhaustion of food. 

But staling, if measured by inhibition of growing capacity, will, in 
general, be due to the presence of inhibiting substances, for fungal hyphae 
will respond, as has been shown, to extremely dilute concentrations of food 
materials. Even when this stage is reached a certain amount of all the 
food elements remains: the results of dilution of the stale medium show 
that inhibition of growth is not due to lack of food. 

The degree to which the two staling factors, exhaustion of food and 
concentration of staling substances, act will, with either method of measure¬ 
ment, vary from fungus to fungus, and even with the same fungus on 
different media. A weakly staling combination (fungus + particular 
medium) will be one in which a great part of the food supply is exhausted 
before an inhibitory concentration of metabolic products is reached* 
A strongly staling combination will be one in which staling substances 
rapidly accumulate, so that a large amount of unconverted food is left when 
;,^the;vmaximu'm''dry'.;we reached*- ■■."Thus in the first'■ca.se'exhaustion'' of 
food is' relatively''a inore\im^ than in the latter... . In.the, former 
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casCj any addition of food would produce relatively greater response: In the 
latter case changes in food amount would make relatively little difference. 

An experiment which was devised with the object of determining to 
what extent each of these two factors cause reduction in growth rate of the 
fungus {Ftisarimm, sp.) may fittingly be described here, for it illustrates 
some of the points brought forward above^ 

Three series, of twenty-five flasks each, were set up^ each flask contain¬ 
ing 50 cx. of R.S/10. The dilute medium was used so as to reduce the 
time taken by the experiment. A was a control series containing R.S./io. 
In B series weighed amounts of colloidal clay f Collosan') were added to 
the medium in each flask. It was assumed that in B the only factor 
operating would be exhaustion of food, any growth-inhibiting substances 
being absorbed by the clay. In series C the food supply was periodically re¬ 
plenished by the addition of i c.c. of R.S. to each flask per week. Here it was 
assumed that the effect alone of the accumulation of growth inhibitors would 
be manifest. In the control both of these factors would influence growth. 

Preliminary determinations of the dry weights of mycelium had been 
carried out in independent sene's of R.S. and R.S./io, Some difficulty was 
experienced in getting the weighings absolutely constant, and it was found 
that quite as satisfactory results (judged by comparison of their probable 
errors) were obtained if both weighing bottle 4-filter-paper and weighing 
bottle + filter 4 mycelium were dried at 60 ^ C. for a standard length of time 
(14 days) and weighed once only. It also appeared that the results were 
sufficiently good if the mean of five cultures were taken for each dry weight 
determination. 

Five flasks, then, of each series, A, B, and C, were takeri at intervals of 
one week and the mycelium (and clay) filtered off through a weighed filter- 
paper, dried, and the weight of mycelium determined. 

The' probable errors of the mean of each five weights and the' percent¬ 
age probable errors were calculated. The results are given in Table XII, 
and plotted in the figure on p. 613. 

Table XIL 


Dajs oid^ 

Midium, 

Mean Dry Weight. 
gtiri. 

P.E. (%) 

■8 

, ■ A 

0.0534 


jj 

B and C 

0*0363 

+ 16*85 

: rs ■ 

j t 

A 

, '0*03825 ' 

±' I '*844 

B 

0*0503 

± ,4*745 

?> 

C 

0*0664. 

±' 4 * 9^5 

'22 

A' 

0*0375 

X 2*33 


B 

" 0*0532 

± 1*452 


C 

0-0730 

, ±' 2*388 

. 29 ^ 

,,.A 

0*0309 

+ 5*596 



0*0354' 

4, 6 '* 50 ', 3 ' 



,. 0*0784 

'+ 3*547' 


"'A 

0*0316 ;' ■ 

, 3 *, 9 ' 93 ', 


"■ 'B 

' 0*0326' 

,:\±',::'6*509' 

'' 

■ 'C •" 

0.0776 
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It will be seen that where the concentration of food is kept tip^ C, 
growth is* not maintained at the initial rate, but gradually slows down and 
finally ceases (about 29tli day)* In this case the effect is due to the 
accumulation of metabolic products. 'Where colloidal clay is added 
cessation of growth does not occur until about the 22nd day, considerably 
later than in the control (8th day), though earlier than in C. Here B, the 



chief factor operating, may be taken to be exhaustion of food. After attain¬ 
ing a maximum, the curve begins to decline, which suggests that autolysis 
of the mycelium is taking place. Autolysis is shown (see figure above) 
in the control cux've A, but there is no sign of it in C, where the food supply 
is kept up. The effect of autolysis, as well as of diminution of nutrient, 
will explain the fact that the maximum in B is not so high as that in C. 
The,.'conclusion,''then, seems justified that 'the, two'factors,''exhaustion of 
food''and'. 'accumulation'of metabolic products, are here equally important in 
reducing.'therate'Of'growth.,' - 
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It is obvious then that the controversy arises from the fact that the 
arguments are proceeding from different bases. Those engaging in the 
controversy^ indeedj never meet on the same ground. The activity of 
the fungus is controlled in varying degree by both exhaustion of nutrient 
and'the accumulation of toxic products of metabolism. Determinations of 
the dry weight of the mycelium produced approach the question from the 
aspect only of the growth of the fungal colony: germination tests approach 
it from the more fundamental aspect of the changes brought about in the 
medium by that growth, which changes affect profoundly the capacity of 
the medium for supporting further growth. 

Any value of the results described in the first part of the work ( 3 ) 
lies in the knowledge gained of the metabolism of Fusarinm^ so that we are 
how in a better position to evaluate and analyse the results of experimental 
work on ® staling b 

The hope that the metabolism of Fiisaritim might be such as to justify 
its selection as a ‘ typical ’ fungus has been realized : the metabolic products 
are simple and of the kind that would be expected in the degradation or 
fermentation of sugars. Moreover, Richards’ solution has proved to be 
one which gives rise to no toxic chemical residues, and the results may, 
therefore, be taken to have a general application and cannot, as in the case 
of most of the wmrk described in the historical section, be ascribed to the 
chemical nature of part of the food supply. 

The most interesting of the metabolic products from the point of view 
of the study of staling are the organic acids. Three independent lines of 
approach, viz. ether extraction of the acidified mediimi, chemical analysis, 
and the addition to the fresh medium of various organic compounds, have 
led to the conclusion that these acids are produced and are active under the 
conditions' of experimentation. 

The results obtained by other workers have suggested that the final 
part of the ‘ staling principle ’ may be found in the liquid after it has been 
boiled and acidified, and that it operates in the acidified 'medium. As 
a matter of fact, as has been amply demonstrated ( 3 ), the poor growth of 
Botrytis spores in an acidified stale.medium is due to simple organic acids 
which 'are liberated by the acidification. These acids do not, however, 
represent the final part, of the staling principle; ' a growthdohibiting factor, 
which does not exist in the alkaline medium, has been shown to be intro¬ 
duced by the acidification. 

'.By concentrating attention on the removal of staieness step by step we 
'run' the, risk of being led, in the wrong direction. The, more profitable 
XQurse is to consider the stale medium, as' a whole, that is, in its alkaline,' 
condition,,In 'this'; w,ay the definite conclusion ,Tias' been reached that,,, 
,,;by: the, .accumulation, ■ in,, it, o'f potassium bicarbonate, .Richards’,,solution is 
,unfitted'to support further .growth,, ' This, compound' has a,' very marked 
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property of inhibiting fungal growth, which cannot be ascribed to its slight 
alkalinity, for potassium carbonate and potash at the same pH have no 
effect on growths Potassium bicarbonate is a much more potent growth 
inhibitor than any of the other compounds demonstrated in the stale medium« 
The interest of this discovery lies in its universal application ; for it is 
reasonable to suppose that all fungi are capable of forming bicarbonates by 
the combination of the carbon dioxide of their own respiration with the 
constituents of the medium, or with the residues thereof after part has been 
assimilated, e. g. potassium after the nitrate radical is assimilated. It is, 
then, suggested that the growth of fungi on artificial media, and probably 
also on natural media, is, in general, stopped by the accumulation of 
bicarbonates (usually potassium bicarbonate) whenever the medium is such 
that assimilation sets free a basic radieaL 


Summary. 

Organic acid radicals do not reduce the gr qvj th. oi Botryiis spores if the 
medium be made alkaline. They cannot, therefore, act as staling agents in 
an alkaline stale medium. 

The nitrogen source, potassium nitrate, is the origin of alkalinity, as is 
shown by the results of omission in turn of the constituents of Richards’ 
solution. Dilution of the nitrogen source causes the pH to change more 
slowly. 

Estimations show that a considerable amount of bicarbonate and 
a small amount of carbonate are present in the stale medium. The presence 
of bicarbonate explains the fact that boiling the stale medium increases its 
alkalinity. 

A study of the effect on the growth of fungal spores of the alkaline 
metabolic products has led to the conclusion that the small quantities of 
ammonia produced are pi'obably ineffective, btit that bicarbonates, potassium, 
and, in a lesser degree, ammonium are capable of inhibiting growth 

when present in ^ amounts even smaller than those found in the stale 
medium. In a medium of pH == 8-2 produced by potassium bicarbonate 
growth is completely inhibited; potassium carbonate and hydroxide have 
no sensible effect at this pH. The loss of germinative capacity of the stale 
Richards’ solution is attributed to accumulation of potassium bicarbonate. 

In Rddition to Botrysis cinerea^ othox fungi, of which a list is given, are 
affected-by potassium'bicarbonate. ■ 

The problem of * staling’ is discussed^ and the value of the evidence 
obtamedTrom'dry-weight Time curves" and from the germinative'' capacity 
of:themedmmv;is:c'onsidered.. ''v', 

The results;'of the'work are reviewed, and'it is suggested'that ^staling’ 



PrafJ .— T/ie Staling of Ftmgal Cnltures, //. 615 

is, in general, due to the formation of bicarbonate by the carbon dioxide of 
respiration whenever the medium is such that a basic rp^dical is set free. 

I wish to place on record here, first my gratitude to Professor V, H. 
Blackman, who has placed at my disposal the facilities of his department^ 
for his interest In the work, embodied in this and the previous paper, and, 
secondly, my indebtedness to Assistant Professor W. Brown for valuable 
criticism and suggestion. 
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The Absorption of Salts by Storage Tissues. 


BY 


WALTER STILES. 


With four Figures in the Text. 


Introduction. 

T he prevailing ideas df the mechanism of the intake of salts by plant 
tissue were, until comparatively recently, characterized by a charming 
simplicity. This was largely due to the very general assumption of what 
I have elsewhere called the ‘simple osmotic view* of the cell ( 9 ). The 
passage of a salt into a cell was supposed to depend in the fir.st instance 
on the capacity of the salt td pass through a plasmatic membrane 
surrounding the protoplasm. Similarly, the permeability of a membrane 
surrounding the vacuole determined whether the salt, having reached 
the protoplasm, would penetrate into . the vacuole. If the salt were 
capable of passing through the plasmatic membrane various things 'might 
happen. The'salt might not rdact with any constituent of the protoplasm, 
nor, if it passed the inner plasmatic ...membrane,, with an\^ constituent of the 
vacuole, in which case absorption would- continue until there were equality 
of concentration within and without the cell. On the other hand, a reaction 
might take place bettveen a penetrating salt and a cel! constituent, in which 
case, as the salt itself would be i*errioved- as it reached the protoplasm or 
vacuole, as the case might be, absorption would continue much farther than 
'would be necessary To bring about.-equality-of concentration within'and 
without the cell if there were no such-teaction. ■ Thiis the great-absorptio'n 
of-methylene bine and other dyes by'living cells has been'explained by 
supposing that' the dyes' react with tannins'. inside the cell, so tiiat . com'- 
pounds'''.mc.ap-abie of diffusing through the'Cell membranes are produced., . 

There ; have . beefi accumulating, .during recent ■ years, however, as- a' 
result ."of .'experimental work, indications-of the'. iilad.e-quacy of this, simple 
'vi-eW' of salt "intake, by plant tissue, '.'.'Facts- are suggested., w.Meh,'!f,aetuaIIy. 

[Aimals of Botany, Vol. XXXVm. No. CLU. dctober, 1324.] < 

' s s a . 
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existents indicate the necessity for the abandonment, or very considerable 
modification^ of this simple view. These suggested facts are: 

I. The constituent ions of a salt are not necessarily absorbed in 
equivalent quantities by plant tissue; that is, the salt is not absorbed as 
such. 

e. The quantity of a salt, or ion of a salt, relative to the concentration, 
that is absorbed by a plant cell is dependent on the concentration; the more 
dilute the solution the greater the relative quantity of salt absorbed from 
the solution. Thus, when the cell is immersed in a comparatively strong 
solution equilibrium may be reached long before sufficient salt, or ion 
has been absorbed to bring about equality of concentration within and 
without the cell, while in dilute solutions the quantity of salt absorbed 
may be many times that which would be necessary to bring about 
equality of concentration within and without the cell 

For the first of these propositions there now exists a considerable 
amount of evidence obtained by means of direct analysis of the solutions 
in which living plants or living plant tissues have been immersed. , The 
bulk of these observations have been made on plants, the roots of which 
were surrounded by the experimental solutions. A few observations have 
also been made on storage tissues, siich as beetroot and Dahlia tuber, 
and also oh a number of lower plants, such as Codiiim among the algae 
and yeast among saprophytes. The available data have recently been 
summarised by the present writer (10), and they will therefore not be 
repeated here. 

The mechanism of this unequal absorption of ions is less clear. 
There appear, to be two possible consequences. One is that the excess 
of the more absorbed ion is accompanied into the tissue by a quantity 
of one of the constituent ions of^ water, hydrogen or hydroxyl, which¬ 
ever is of opposite sign to the more absorbed iow In this case the liquid 
external to the tissue will be left either alkaline or acid. Thus if tissue 
is immersed in a solution of sodium chloride and the sodium ion is absorbed 
in excess of the chlorine ion, the excess of sodium ion would be accompanied 
into, the tissue by an equivalent quantity of hydroxyl ion, leaving the same 
equivalent • quantity of hydrogen ion to balance the excess of chlorine Ion 
remaining in the externa! solution. ■ Put in, another way, part of the sodium, 
venters the tissue as sodium hydroxide and the external solution comes to 
contain a certain amount of ionized hydrochloric acid. If, on the other hand, 
thexhlonneion is, absorbed in excess, hydrogen ion accompanies the,excess 
,of chlorine,ion into'the tissue and,',the external solution becomes alkaline. 

'The"acidity,and alkalinity said to be developed' in some water-culture 
'■ solutions' 'have, been ascribed In ^ recent years 'to thiS' possible consequence', 'O'f 
',, the"' unequal' absorptio'e of "ions (cf. '4),".' 

^ ,; Th'e "Second■'po,ssibiHty iS' that' excess of, the'.more absorbed.,ion as■ 
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replaced in the external solution by some other ion or ions of the same sign 
diffusing out from the tissue. Thus, using again the example of sodium 
chloride, the excess of sodium absorbed might be compensated by the 
diffusion out from the tissue of magnesium, potassium, or other kation or 
kations: or, if chlorine is the more absorbed ion, by the diffusion out of 
nitrate, citrate, malate, or other anion or anions. Cases in which such an 
interchange of ions is supposed to take place are on record (6). 

The evidence for the second possibility, the dependence of the position 
of equilibrium in salt absorption on the concentration, is - derived chiefly 
from the work of, Stiles and Kidd (11, 12), who obtained evidence to the 
effect that the positio! of equilibrium in salt intake by storage tissues 
is given by the equation 

where y is the final inernal concentration, c the final external concen¬ 
tration, and k and m are onstants. 

This means that theatio of the internal to the external concentration 
at equilibrium, the 'abj^rption ratio', increases as the concentration 
diminishes. It was found bat the absorption ratio might range from only 
a fraction of, to many time^ unity, the actual value depending on the nature 
of the salt, the concentratiq, and probably on the nature of the tissues. 

While, for reasons giv 4 in the papers cited, it is highly probable that 
these conclusions, drawn frm measurements of the electrical conductivity 
of the external solution, artvalid, it rnust be admitted that unequivocal 
results can only be obtaiiiedby actual chemical analysis, and it is highly 
desirable that the results sluld be confirmed or disproved by means 
of chemical analysis. 

In the work described .inhe present paper special attention has been ' 
directed to the questions nofi above. The experiments, the results' of 
which are recorded here, have len made during the last four years with the 
object of establishing, by me% of chemical analysis supplemented by 
physico-chemical methods, a coi^lete view of the relations in regard to salt 
intake and excretion when sto-^e tissues are immersed in a solution of 
a single salt. The problem, so'tated, appears alluringly simple, but its 
experimental solution is somewliag.borious, largely on account of difficulties 
attending' the quantitative analys.of dilute solutions which may contain' 
quantities of organic material deriy. from 'the absorbing tissues. 

' ' The problem resolves itself \o several parts. These are (i) 'the 

: unequal absO'rption of the constant ions of a'salt, {%} the course of 
absorption'of the, ions, and (3) the'^sitjon .of equilibrium, reached .jn the ,' 
f ' intake. ,' These 'various aspects of tlproblem will be dealt with cO'iisecu- 

'I'/'lively in later sections of the paper., ■ 




620 Stiles.-—The Absorption of Salts by Storage Tissues. 

Experimental Methods. 

A variety of storage tissues have been employed during the investiga™ 
tioD; including the roots of red beetj carrot, parsnip and turnip, the rootstock 
of mdiite bryony {Bryonia dioica)^ and tubers of Jerusalem artichoke 
{Ueiianthis M^erosus). The tissues were used in the form of discs, a mm. 
ill diameter and 0‘i nim. in thickness, cut by means of a hand microtome 
from cylinders of the tissue cut out from the storage organs by means of 
a cork-borer. After cutting, the discs were washed for one or two days in 
running tap water, then in several changes of distilled water, m order to 
remove material from the cut surface cells. Usiialy 40 discs were used in 
100 cx. of solution, and where it was expedient to depart from this quantity 
of solution the same proportion of material to solution was maintained. 
Immediately before transference to the experinental solution each batch 
of discs was dried between filter-paper and w^hed. At the end of an 
experiment the batch of discs was again weigxd. The maintenance of 
turgor, as shown by the retention of the original /eight, is sufficient evidence 
that the vitality of the tissue is unimpaired by ae experimental treatment. 

Experiments were conducted at C. or the neighbourhood of this 
temperature. The bottles containing discs nd solution were kept in a 
water bath maintained at constant temperatur by means of a gas-mercury- 
toluene thermo-regulator. In most experir^nts the discs were kept in 
movement by shaking the bottles in a specilly constructed trolley driven 
backwards and forwards through the water V means of a motor. In a few 
experiments the discs were kept still. 

Solutions of single salts only were emplyed in the series of experiments 
here described. The salts used were aimonjum chloride, ammonium 
sulphate, ammonium phosphate, potassiun chloride, sodium chloride, and 
sodium sulphate. Ammonium was 'estimted by boiling with alkali and' 
estimating the ammonia-driven off in be usual way; potassium was 
estimated as perchlorate,, sodium as pyjantimonate (2), chloride by titra¬ 
tion with silver nitrate, sulphate as bduni sulphate, and phosphate' by 
■.means of uranium acetate, ' ’ 

' ' Electrical conductivity measuremats were made by Kohlraosch's 
method with use of a' dipping electro-? and determinations of hydrogen- 
ion'concentration'were made electroxtrically by means of the calomel 
",electrode"'and a vernier potentiometf niade by Tinsley,'and also by the 
■indicator method. 

,"■'■ The'"1Jn'equal Absorpti^ of the Ions, of^ a' Sa,lt. 

' ■'.'Solutions'"of,the'salts in whieh^^^ of the various storage tissues were 
immersed „were. a.naIys,ed a.fter 'abs#'ion---had been allowed to proceed 'for.'"' 
varying ,fro'm':one'lidur to’ th'o days,. The results obtained leave, no 
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doubt that the unequal absorption of the constituent ions of a salt is a very 
general pheiiomeiion. A selection of very typical results is given in 
Table I. Of the eleven, sets of analyses there shown, only in two cases was 
equality of concentration approached, while in some cases the divergence 
from equality was very considerable. This was notably the case with 
ammonium chloride, ammonium phosphate, and sodium chloride. The few 
observations of Meiirer (3) and Ruhland (8) indicating the inequality of 
absorption of the two ions of a salt by storage tissues are thus confirmed, 
although the numbers themselves do not agree well with those given above. 
However, it seems reasonable to suppose that the unequal absorption of the 
constituent ions of a salt by storage tissue is a general phenomenon. 

Table L 

The Unequal Absorption of the Consiiiiicnt Ions of a Single Salt 

by Storage Tissue. 

Absorption hi 



of 


Duralwu of 

Percent, of 

Salt. 

Salt ift 

Tissue, 

Experiment 

Original 


Normalities. 


in Hours. 

Amount. 





Nation. 

AnioH 

.Ammonium chloride 

0*01 

Carrot 

48-0 

57-2 

32.2 

Ammonium phosphate 

0*02 

99 

23.5 

2S.S5 

6*0 

n sj 


99 

27*5 

34-1 

6.95 

5 j 5 j 

JJ 

Parsnip 

24-33 

34*3 

8.2 

yj n 

9? 

Beetroot 

24.5 

19*0 

5.1 

Ammonium sulphate 

0*1 

Carrot 

22,0 

3-9 

4.3 

Potassium chloride 

9J 

99 

22.0 

4-6 

6-3 

Sodium chloride 

99 

Artichoke 

23*6 

5-4 

1.9 

»j 

99 

Carrot 

47-1 

iS-5 

S-5 

7? jj 

91 

Bryony 

50*2 

21.0 

8*4 

Sodium sulphate 

99 

Carrot 

22.0 

15.0 

S.O. 


Table IL 

The Infiuence of Concentration on the Unequal Absorption of the Constituetii 
Ions of a Single Salt by Carrot Root. 


Initial Concenlra- 
iion of Solution in 
A^ormalities. 

Ammonium Chloride. 

Sodium Chloride. 

Percentage Absorption 
in 48 Hours. 

. Nation. Animi. 

Percentage Ahorpimi 
in 4S Hours. 
N'atmt; Anio-M. 

o.i 

12.9 

5-9 

25.2 

8.3 

■O-OI 

■ 57.2 

32*2 

36-1 

15-8 

0.001 

97-1 

So*7 

3S.1 

22*8 


Influence of Concentration' on - the -Unequal Absorpiio-fi of lo-ns. In 
experiments 'with ’wholC' plants, Miss Redfern (6) found that roots of pea: 
and'maize ■ absorbed the two ions of ■calcium chloride to unequal extents, 
but that. thC'"inequality.'was .lessened-with decreasing .concentration. The 
influence'Of concentration was examined for carrot tissue,in,the case of 
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saltSj ammonium cliloride and sodium chloride. Three concentrations \¥ere 
employed in each case^ namely, q-i N., o--oi N., and O'OOi N. The results 
obtained are summarized in Table IL With both salts the absorption of the 
two ions certainly did approach nearer equality the more dilute the solution, 
the effect being particularly noticeable with the most dilute solution 
emplo3^ed. 

As far as these results go it would thus appear that storage tissue 
behaves similarly to living roots, and that the divergence between the extent 
of absorption of the two ions of a salt is lessened with dilution of the salt. 

The Maintenance of Eqtdvalezit Quazitities of Rations and Aniom in 
■the External Solution. The changes in ionic composition of the external 
solution involved in the unequal absorption of the two ions of a salt have 
been examined in the case of sodium chloride. It has been pointed out 
that maintenance of equivalent quantities of positively and negatively 
charged ions could be brought about either by the solution becoming add 
or alkaline, or by the diffusion of ions out from the tissue. Determinations 
of hydrogen-ion concentration of the external solutions showed that the 
latter do not depart appreciably from neutrality throughout the course of 
absorption. It would, therefore, appear that the excess of the more absorbed 
ion must be replaced in the external solution by diffusion out from the 
tissue of similarly charged ions. This was found to be the case. Carrot 
tissue was immersed in o-i N. solution of sodium chloride for forty-seven 
hours. Analysis of this solution, after removal of the tissue, showed that 
it was 0-092 N. in regard to chloride and 0^075 N. in regard to sodium, an 
excess concentration of chloride of 0-017 N. But the solution was now 
0*009 N* in regard to calcium and 0*003 in regard to potassium; a trace 
of magnesium was also present The calcium, potassium, and magnesium 
ions go a long way towards balancing the excess of chiorions over sodium 
ions. That they do not quite balance may be due to the presence of other 

■ kations or to experimental error, which, on account of the small quantities 
of solution available for analysis, may be considerable. So far, then, as 
these experiments go, ■ it may be concluded that the maintenance of 

■ equivalent' quantities of kations and anions in the external solution is' 

; brought about by diffusion of ions out from the tissue. 

The Course of Absorption of Ions. 

, 'The'Course of absorption' 'of ions by storage tissues has been examined 
in the cases of carrot, parsnip, and beetroot i'n coa N. ammonium phosphate, 
and of artichoke tuber and carrot in o*i 'N. sodium chloride. In some cases 
measurements'of "the electrical conductance of the solutions were made'as ^ 
■■well asahemical'analyses,/; 

' ■■ '■ Carrot M* Afmmuium Phosphate. ■, Two series of-experiments 
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were performed at 20^ C. Determinations were made of the electrical con¬ 
ductance and of the concentration of ammonium and phosphate in the 
solutions^ after absorption had proceeded for various times up to two days* 
The results of one series are given in Table III; the results obtained in the 
other were very similar and confirmatory. It will be observed that the 
absorption of both ammonium and phosphate is relatively rapid at firsts but 
that after four or five hours the rate of absorption rapidly declines. The 
rate of absorption of phosphate Is throughout much smaller than that of 
ammonium. AbsorptioHj as measured by conductance, is throughout inter- 



Time in hours 

Fig. I. Curves to illiistrate the absorption by carrot of the ions of ammonium phosphate 
from a o*oi N. solution. (K, kation ; A, anion ; c, conductance.) 

mediate between that of ammonium and phosphate, but approximates more 
nearly to that of phosphate than of ammonium. For the sake of clearness 
the results are shO'Wn graphically in Fig. i. 


Table III. 


Absorptiofi of Ammonium and Phosphate from 0*02 N\ Ammonium 

Phosphate by Carrot RooL 


Time in 
I{ours, 


Concentratien of 
Ammonium- 
in External 
Solution in 
Percent, of 
Initial Con- 
ceniratim. 


Concentration of 
Phosphate in 
External Solti- 
tion in Percent, 
of Initial Con ¬ 
centration. 


Electrical 
Condiiciame 
ofExSernai 
Solution in 
Percent, of 
Initmi Con¬ 
ductance, 


'0*0 100 

■■'1.0', ■• 92.15 

S-oS ; 78.36 

23-5 

49.0 64.S9 


lOO: 

100 

■■ 97 'H . 

94-45 

■ 94-93 

9i'®3 

93-99 

: . : 86.84 

^2.72 ■ 

83.%- 
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Parsnip tn 0^02 N Ammo^iiuvi Phosphate. The results of the experi¬ 
ments with pai snips are suuiniarized in "I able IV and shown graphically in 
Fig» 2. The course of absorption of the ions and the changes in electrical 
conductance of the external solution are very similar to those involved with 
carrotj and the quantities of the ions absorbed after two days’ immersion of 
the tissue are much the same. 


Table IV. 

Absorption of Amntomiim and Phosphate from 0'02 N. Ammonium 
Phosphate by Parsnip Root. 


Time iu 
j&ours. 


Ammonittni 
in Mxtemal 
Sohitioii in 
Percent, of 
Initial Con- 
centraiio^t. 


Concentration of 
Phosphate in 
External Solu¬ 
tion in Percent, 
of Initial Con¬ 
centration. 


Elsctrka! 
Conditctance 
of External 
~Sointion in 
Percent, of 
Initial Con¬ 
ductance. 


c*o 

100 

100 

3 00 

I-O 

■ 92*34 

97-59 

91*96 

5*33 

74*53 

94*52 

^.^•37 

24*53 

65*53 

91*77 

7S.94 

47.0 

59-39 

91.09 

74.29 



Fig, 2. ..''Curves to illustrate, tEe'.absorption by parsnip of tbe, ionS'of anamonium phosphate 
.'.froma 0-02 N. solution. ■ (K, kation;' A, anion; c^.conductance.) 

Beetroot in Ammo ftium Phosphate. The^absorption of ainiii.0" 

nium and phosphate from ammonium phosphate solution by beetroot is 
indicated in Table 'V. The absorption of ammonium is again considerably 
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more rapid than that of phosphate. While the general relations are the 
same as in the cases just described, the numbers suggest that beetroot 
absorbs less than parsnip and carrot, other conditions being the same. 


Table V. 


Absorption of Ammonium and Phosphate from 0’02 N. Ammonium 
Phosphate by Beetroot. 


Time iu 
Honrs. 


Concentration of 
A mmonmm 
in Externai 
Solution in 
Percent, of 
hiitial Con- 
ceniraiion. 


Concentration of 
Phosphate in 
External Solu¬ 
tion in Parent, 
of Initial Lon- 
cenh'aiion. 


Electrical 
Conductance 
of External 
Solution in 
Percent, of 
Initial Con¬ 
ductance. 


0-0 

100 

iOO 

IOO 

I-O 

96.56 

99.65 

98*04 

5*25 

'^ 5-45 

9S.65 


24*5 

So. 46 

94.86 


47-75 

75 - 8 S 

94.86 

92.70 


Artichoke (Helianthus tuberosns) Tuber in oH N. Sodium Chloride. 
The absorption of the ions of sodium chloride by tuber of Helianthus 
tuberosus was found to follow the same general course as in the cases 
already described. The kation was again absorbed in excess of the anion, 
but the absorption proceeded more slowl}^ in both cases. This is due, in 
part at any rate, to the use of a considerably stronger solution, but it may 
also be partly correlated with the nature of the salt. It is noteworthy that 
the percentage fall in conductance is almost identical with that of the less 
absorbed ion, so that in this case the change in electrical conductivity gives 
a very good measure of the change in concentration of the less absorbed 
ion. The results obtained are summarized in Table VI, 


Table VI. 


Plbsorption of the Ions of Sodium Chloride by Artichoke Tuber from 
a 0^1 N. Solution of ike Salt. 


Time in 
Hours. 


Concentration of 
Sodium in 
External Solu- 
tion in Percent, 
of Initial Con- 
eentrixiion. . 


Concentration of 
Chloride iu 
External Selu- 
, iion in Pelfent. 
of Imtiai Con^ 
cen fration. 


Ekcirimi 
Conductance 
of External 
Solution in 
Percent, of 
/mtiai C«7«- 
ductance. 


0.0' 

IOO 

IOO 

IOO 

8.7 , 

■97.475 

98.5 

98. I; 

9 S -3 

33*575 

94 - 6 i 

■ ■ 98*1 

46.6 

9I.I 

, 97*7 

97-7 


' . Cm^roi'm '0* Jc''H Sodium Chbride. ■ The results obtained in a series of 
experiments extending'over five days are -summarized in'Table VIL The 
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results are very similar to those obtained with artichoke, the quantities of 
kation and anion absorbed in two days being practically the same as the 
quantities absorbed by artichoke tuber. It is very interesting to note that 
most of the absorption takes place during the first twenty-four hours, and 
that after two days’ immersion the further intake of the ions proceeds 
very slowly. 


Table VIL 

Absorption of the Ions of Sodium Chloride by Carrot from a O'l Ah 
Solution of the Salt. 



Conaentraiioti of 

Concentration of 


Sodium in 

Chloride in 

Time in 

Exterjial Solu¬ 

External Solu¬ 

Hours. 

tion in Percent. 

tion in Percent. 


of Initial Co 7 i- 

of Initial Con¬ 


centratiou. 

centration. 

0*0 

100 

100 

'24-0 

92.25 

97-86 

47*5 

91.6 

97.2 

72.0 

90. r 

96.65 

125-7 

89-75 

96-5 


The results here recorded, as well as those of some experiments with 
potassium chloride and calcium chloride in which electrical conductance 
and absorption of chloride were alone measured, confirm on the whole the 
conclusions drawn previously by Stiles and Kidd ( 11 , 12 ) from experiments 
in which change in electrical conductivity of the external solution was used 
as a basis for measuring the absorption of salt or of the less absorbed ion, 
and the experiments here described furnish evidence of the legitimacy of 
the conclusions drawn from the earlier experiments. 


, The POSITION'of Equilibrium-, reached in Ion Intake. ■ 

One of the most important of the conclusions reached by Stiles and 
Kidd was that the absorption of a salt or its ions does' not ■ proceed ;■ to 
a position' -of -equilibrium in which there is equality of concentration -within 
and without the, cell,, but that the position of equilibrium''depends''on , the 
nature'of the salt and on the concentration, the lower the concentration the 
higher'., being'the ratio' of the final apparent interna! concentration' to 
'the;, '.final external concentration, this ratio varying from values less than 
'unity in the case-of'high, concentrations to values many times unity in low’' 

,'.concentrations'* ' " 

The question has been reinvestigated by chemical analysis. . In most 
cases the absorption ratio was calculated' from-the internal, and 'external, 
concentrations after absorption had, been' allowed to'proceed for two, days* 
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As indicated in the preceding section of this paper, absorption dofes proceed 
after this time, but very slowly, so that the values obtained for the absorp” 
tion ratios are actually a little less than the absorption ratios at equilibrium. 
The absorption ratio in any case is an approximate value, as it is assumed 
that the absorbed ion is distributed throughout the whole of the tissue 
except the injured surface cells,^ whereas the absorbed Ion may actually be 
accumulated to different degrees in cell-wall, protoplasm, and vacuole, eacii^ 
of which may, and probably does, have its own particular absorption ratio. ' 
The experiments described in preceding sections of this paper show 
that the absorption ratios when equilibrium is approached are far removed 
from unity in the majority of cases. The values obtained for the absorption 
ratios in a number of these experiments are recorded in Table VIIL 


Table VIIL 
Absorption Ratios. 


ami Dura¬ 
tion of Absorp¬ 

Tissue. 

Ion. 

Concentrations in Aormaiities. 

Initial linal Final 

Absorp¬ 
tion Ratio. 

tion. 



External. 

External. 

Internal. 

Ammonium 

Carrot 

NH4 

1(0.02) 

1(0.0120) 

§(0.0628) 

4.S7 

phosphate 

49 hours 


PO4 

0*02 

•0 

CO 

9 

6 

0.013s 

0.72 

Ammonium 

Carrot ‘ 

NH. 

|(C. 02 ) 

1(0.0123) 

|(o.o6Si) 

6*54 “ 

phosphate 

4'7 hours 


PO4 

0-02 

C.0184 

0.0142 

<^*77 

Ammonium 

Parsnip 

NH. 

|(0.02) 

§(0.0119) 

fCo-O/I?) 

6-03 

phosphate 

47 hours 


PO4 

0-02 

C.01S2 

C.OI59 

0.87 

Sodium 

Artichoke 

Na 

C*I 

C.09Z I 

0.07S8 

0*86 

chloride 

46-6 hours 


Cl 

o.l 

0.0977 

0.0204 

0*21 

Sodium 

Carrot 

Na 

o.i 

0.0S95 

0.0929 

1.04 

chloride 

46.5 hours 


Cl 

o>i 

0.0955 

0-0398 

0.42 

Sodium 

Carrot 

Na 

c-l 

0.0850 

O.I 33 

I *5'6, 

sulphate 

22 hours 


SO4 

O-I 

C.0957 

0*0381 

0*40 

Ammonium 

Carrot 

NIL 

O.I 

■ 0.0961 

0*0345 

0*36 

sulphate 

22 hours 


SO4 

O.I 

0-09575 

0.0376 

0.39 

Potassium 

Carrot 

K 

O.T 

0.0954 

010407 

0.43 

'chloride 

2 2. hours. 


Cl 

0*1 

0.0937 

0.0558 

0.60 


. It is clear from these results that the absorption ratio at the' approach 
of equilibrium Is only exceptionally in the neighbourhood of unity. More¬ 
over, if there were any serious error in computing the volume of the' tissue 
for calculation of the final internal concentration, the wide range of values 
for the absorption ratiO; is sufficient to show that this ratio is most usually 
something;other than'unity.''. 

1 Allowing for tbe cut'surface cells the volume of tissue employed ia aa experim'eat.; with forty'' 
'discs is approximately I'n3 c.c.-■' 



628 Stiles,-—The Adsorption of Salts by Storage Tissnes. 

The Infiiience of Cojicentration on the Positiofi of Equilibrium, As 
already mentioned, earlier work with the indirect electrical conductivity 
method indicated that the absorption ratio increases with dilution» In the 
present investigation this question was examined in the cases of carrot 
immersed in sodium chloride and ammonium chloride. The concentrations 
employed of each of these salts were o*i N., o*oi N., and 0*001 N., and 
absorption was allowed to proceed for about forty-eight hours* The results 
obtained are shown in Table IX, and exhibit clearly how the absorption 
ratio in the case of both ions of the salts increases with dilution. This is 
particularly noticeable with ammonium chloride, 13 per cent of the ammo¬ 
nium of which is absorbed in forty-eight hours from a o*i N. solution, 
57 per cent, from a o-oi N. solution, and 97 per cent, from a o*coi N. 
solution. The results with the anion are equally striking. 


Table IX. 

Injltmtce of Concentration on the Posiiio7i of Equilibrium at tamed m the 
Absorption of the Constituent Ions of Sodium Chloride and Ain7noninin 
Chloride by Carrot Root, 


SalL 

Initial Con¬ 
centration m 
Normalities, 

Final Concentra¬ 
tion of Nation m 
Normalities, 
External, hiternal. 

Final Concentra¬ 
tion of A nion in 
Normalities. 
E±ternaL Internal, 

Absorption 

Matio, 

Nation, A^iion, 

Sodium 

0*1 

0.074S 

0.223 

0.0917 

0*07345 

2*98 

0.801 

chloride 

0*01 

0.00639 

0-03195 

0.00842 

0.0140 

5*00 

1.66 


0,00 r 

0.000619 

0.00337 

0*000772 

0-00202 

5*45 

2.62 -■ 

Ammonium 

o.i 

0-0871 

0*1141 

0^094.1 

0-0520 


0.553 

chloride 

O-OI 

0.C0428 

0*0506 

0.00678 

0.0285 

11.8 

4.20 


0.00 r 

0.0000293 

6-00859 

0-0001923 

0.00715 

293.2 

.37*2 


Although the* increase in the absorption ratio with dilution in the case 
of sodium chloride is perfectly definite, the increase of the ratio with dilution 
is not nearly so striking as in the case of ammoniiiin chloride. Indeed, the 
absorption ratios found here for the more dilute solutions of sodium chloride 
'are very much, lower than those obtained by the eleetrical conductivity 
'method. This might be due to unsuspected sources of error in the latter; 
method,' and ' it tvas observed'in the present experinients that' in'' these 
solutions thereds a considerable exosmosis of organic material, which would, 
'Of coursej'depress the conductivity significantly in the diluter solutions, a'nd 
'might; be ■ sufficient to , account for the different results obtained'' by the 
' direct 'm,:ethQ',d'''of chemical analysis 'and thedodirect method of electrical 
conductivity , .measurement. ,, On , the other hand, the different results'may 
,be, correlated with differences-, in the■■ varieties or-thc 'previous histories'" of' 
,:;t'h'e'roots used in the,'tm’^.o'.series of experiments.- It is not possible to -speak 
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definitely on the influence of previous history of the tissue at this time^ but 
investigations on this question are at present in, progress^ 

It was earlier concluded (11) from conductivity measurements that the 
relation between final internal and final external concentration is given 
approximately by the equation, 

y =r or logj^ = m leg c + T 

where j is the final interna! concentration, r the final external concentration, 



4-0 3-0 2-0 T-0 

lea External Concentration 

Fig. 3. . The relation belwee,n final internal and external concentratiohs in the absorption 
of sodium chloride by carrot. (K, kation; a, anion.) 

and k and m are constants. The relation between the final internal and 
final external concentrations in the case of the ions of sddiuiii chloride are 
shown graphically in Flgi 3,. where the logarithms of these two values 
are plotted against one another. The values for ammonium chloride are 
similarly plotted in Fig* 4. It will be obsert^ed that the relation is approxi- 
.mately a,linear one, so that.the. absorption of the ions is given fairly 
approximately by the equation cited above* Actually in all cases, whereas 
thC''absorption is approximately-given by the equation, there is a,.slight 
divergence'from it,, the absorption in higher Concentrations being somewhat 
lower:'(orin jower concentrations somewhat higher) than that required by 
the equation., ■ 
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It is interesting to note that this relation between concentration and " 
the position of equilibrium In absorption is not confined to inorganic saits^ 
as a similar increase in the value of the absorption ratio with dilution has 
also been observed by Miss Redfern ( 7 ) with a number of dyes, in some 
cases of which the same equation j/ = holds " approximately^ Also 
increased relative absorption is not confined to storage tissues^ for It has 
been observed by the present writer in a number of unpublished observa¬ 
tions on absorption by seeds, and has also been recently recorded by 
Hevesy ( 1 ) for absorption of lead nitrate by bean roots* Thus the latter 
worker observed that in twenty-four hours the root of Vzcia Faba absorbed 



Fig, 4. The relation between final internal and external concentrjitions in the absorption 
of ammonium chloride by carrot, (K, kation ; A, anion.) 


0*3 per cent, of the lead in 300 .c.c. of a o-i N. solution of lead nitrate,' 
whereas 60 per cent, of the lead was absorbed in the same time from the 
same volume of a N. solution of the same salt, a result very similar to 
those recorded in this paper* The phenomenon has also been noted by 
Pantanelli'( 5 ), ■ 

Discussion. 

, The investigation described in this paper was 'undertaken' in order To 
"obtain a .generaTview of the i-elation of storage tissues towards inoi'ganic; 
salts,, and''as a result t,he following description can be given. When, storage 
tissue is immersed in' a solution of a single salt the' ions of the salt are not 
'necessaiily":.abS'Orbe,d, in' equivalent quantities,, the balance of the ionic 
'charges in The';exteim',al, 's being -maintained' by the diffusion of ions 

■out ' from:, the, tissue.Ab^ either; ion , proceeds comparatively 

■./rapidly'at,'first,’But;afterT or five .hours the rate of absorption falls off 
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greatly. Absorption of each ion proceeds towards an equilibrium condition 
which is not that of equality of concentration of the ion within and wiihout 
the tissue, but which is dependent on'the concentration. The absorpiion 
ratio, that is, the ratio of the final internal concentration to the final 
external concentration at equilibriiimj varies continuously from a fraction 
of unity to many times unity with decreasing concentration, the position of 
equilibrium being given approximately, although not exactly, by the, 
adsorption equation. 

From each of the three aspects of the problem of the absorption of 
salts dealt with in this paper, it is clear that the simple view of the cell 
largely held previously is Inadequate. The unequal rate of absorption of 
the two ions of a salt, the fact that the absorption of the two salts does not 
follow a logarithmic course, and does not, therefore, obey Fick s law, and 
the dependence of the position of equilibrium in absorption on the co,n- 
centration, all indicate thert the absorption of inorganic salts by plant cells 
is not a simple process of diffusion through a cell membrane. 

Two comparatively simple explanations suggest themselves. It might 
be supposed that the salt combines chemically with a cell constituent. 
While this would explain the high absorption ratios in the case of low coii' 
centrations of solution, it will not explain the absorption ratios below unity 
in the case of higher concentrations of solution- For if the salt is capable 
of combining with a cell constituent, it must be concluded that it is capable 
of entering the cell, and it would then be supposed that after all the 
particular cell constituent combining with the salt was utilized, absorption 
of the salt would continue until there was equality of concentration of the 
salt on the two sides of the cell membranes. The chemical combination 
view, therefore, also involves' the assumption that the salt itself, or the com¬ 
pound forined by,, its action within the ceil, renders the cell ' membranes 
impernieable to the salt, so that absorption stops before enough of the salt 
is taken up to bring about equality of concentration on the two sides of the 
mem,brane. The very regular relation between concentration and absorption, 
however,' militates against the view that a cell membrane is rendered 
impermeable in high concentrations of the salt, while low coitcentr,atio,ns 
have 'tio such action. 

The alternative simple explanatioti is that the salt or its^ io'iis are 
adsorbed at the surface of some cell constituent or con,st!tue!its. .It is well 
known that protoplasm is a colloidal,system, while there is evidence that 
material in the colloidal'condition is also present in the vacuole,'so that the 
plant cell might tvell ,act as an adsorbent'of inorganic salts. In .favour of. 
this view,'now by no means a new one, is the relation between final internal 
and final external concentration of the absorbed salt, which' is t,he' same, " as 
that'tvhich'would Fold J'f the salt were ■,adsorbed.' There, appears to be no 
fatal argU'inent that, can be advanced against this view, but, on the other 
'' ' T t ■ 
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hand, the agreement with the adsorption equation cannot be regarded as 
sufficiently convincing evidence in itself. 

Before either of these views, or any other view, of the mechanism of 
the absorption of inorganic salts by storage tissues can be advanced as 
a theory of salt intake with any sound basis, further experimental evidence 
is needed, and the matter will therefore not be discussed further at this 
stage* From the investigations described in this paper, together with the 
results of earlier work alluded to in previous sections, it is clear that the 
view of salt intake as a process of simple diffusion through a cell membrane 
must be abandoned or much modified or supplemented. This is all the 
more important, as considerable masses of data with regard to the per- 
meability of plant cells to salts have been obtained by the use of methods, 
the plasmolytic methods, which assume that salt intake is such a simple 
diffusion process through a protoplasmic membrane. It is evident that the 
results obtained with the plasmolytic methods require a very close scrutiny, 
and should either be confirmed by some other method or abandoned. 


Summary. 


j. The absorption by storage tissue of an inorganic salt from its 
solution in water is characterized by an unequal absorption of the con¬ 
stituent ions of the salt. The balance between the oppositely charged ions 
ill the external solution is maintained by the diffusion out from the tissue 
of ions charged similarly to the ioii absorbed in excess. 

The ions are absorbed comparatively rapidly at first, but after the 
first five or six hours the rate of absorption slows down considerably. 
Absorption is still proceeding slowly after five days in some cases, but after 
the expiration of the first ttvo days the rate of absorption is very slow. 
Absorption does iiot follow a simple logarithmic course over the whole 
absorption period. 

, 3, The absorption of each ion proceeds towards an equilibrium position 
which is■ not determined by equality of concentration within and without 
the tissue, but which' is dependent on the concentration of the salt. With 
decreasing concentration relatively more salt is absorbed, the position of 
'equilibrium' being approximately given by the adsorption equation y = kc^^'\ 
4* These findings indicate that the absorption of salt by storage tissues 
cannot be a'sim'ple process of diffusion of salt through a cell membrane, 

" As"this assumption underlies measurements of salt intake and of ceil per-, 

' meability' made'by' the plasmolytic , m,ethods3 conclusions with regard' to' 
' these questions' based,'on Tesults; obtained by plasmolytic methods should 
be'tonfi'rmed by''other, methods or'disregarded. 
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I. Introduction. 

I N a recent paper in the * Annals of Botany' (5), I Have discussed the con¬ 
troversial question of the nature of the ‘phylloclades* in the three 
Liliaceous genera—and Semele —forming the tribe Rtisceae. 
The interpretation of the assimilating organs, whether of leafy or needle-iike 
form, in the related genus Asparagus (including Myrsiphyllutn) presents 
a problem of equal, if not greater, difficulty, I propose in the present 
paper to reconsider this question and, especially, to see whether any hght^ 
can be thrown upon it by a study of .the relations of the patts .' of the .shoot,' 
as revealed.in serial sections. ' 

f Annals of Botany, Voi. XXXVm. No. CLILOctobsr, 19^4.3 
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Myrsiphylktm mparagoides^ Willd, {^Aspara^us rnedeoloides^ Thunb.). Fig- i a, 
seedling (X; /,i, first phmitilar leaf, a scale almost hidden by cotyledon sheath; /.g, second 
plnmnlar leaf with bud in its axil, l^ig, i b (near foot of page), transverse section through base 
of a seedling, such as Fig. i a, at level of attachment of cotyledon sucker, c.s.^ which is cut off (x 14) ; 
r./,, flaps of cotyledon sheath first plnmular leaf ; {*x nnd /.a, first two leaves of bud in axil of 
/•t. Fig. 2, short segment of axis, showing, in the axils of scale-leaves, two phylloclacles (under 
surface) with two fruits, La Mortola, May 38 ( x^). Fig. 3, transverse section of base of a phyllo- 
,clade'( 'X.23). Fig*' 4 A, transve'rse section of mature, phylloclade: (x 14)the axillant leaf wouldlie 
"towards foot'of page; the'arrows':show direction'iii which xyiem groups of bundles point; pah^ pali¬ 
sade,, parenchyma*' Fig*'4' B,„'smaU part;of'transverse''section of phylloclade ( x 193);, xylem; 

phlo,em fibres ; pat,^ palisade .parenchyma ; axillant leaf would lie' towards foot of page. 
Figs. 5 A and' B, types of branching. ■ .Fig,-5 'a,' segment of axis bearing three scale-leaves,'/.i, /-a, /-s ; 
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I am indebted for material to the Director of the Royal Botanic 
Gardensj Kew; to the Keeper of the Department of Botany, British 
Museiim (Nato Hist.) ; to the Director and to the Superintendent of the 
Cambridge Botanic Garden; and, especially, to Commendatore Cecil 
Hanbiiry, FXoS,, and Mr. J. Benbow, of La Mortola, Ventimiglia. 

a. The ‘ Phylloclades ’ of Myrsiphyllum^ 

Four species of Asparagus from South Africa were included by Baker 
( 7 ) in the Section Myrsiphyllmn — A. inedeoloides^ Thiinb,, A> undidatus^ 
Thunbo, A. Krausii^ Baker, and A. volubilis^ Thunb. These species all 
have leaf-like phylloclades, and their vegetative morphology is so markedly 
different from that of Asparagus proper, that I think it would be well if 
Myrsiphyllmn could be reinstated as a generic name. One of the four 
species— Myrsiphyllum asparagoides^ Willd. (A. medeoloides^ Thunb.), Is 
cultivated in Europe, sometimes under the misnomer ‘ Smilax so I have 
been able to study the plant in the fresh state ; in the case of the other 
three species, I have had to rely upon small quantities of herbarium 
material 

(i) Myrsiphyllum asparagoides^ Willd. (A. medeoloides^ Thunb.). 

Myrsiphyllmn asparagoides is a graceful climber, whose assimilating 
organs take the form of flat phylloclades, arising in the axils of scale-leaves. 
They are t3^pically foliar in appearance (Figs, i A, 2, 5 A and B, p. 636) ; both 
in their form and in their delicate parallel venation, with no clearly defined 
midrib,they recall the phylloclades of the Victor’s Laurel, racemosa,(iLl) 

Monch. Sections cut near the tips of the very young shoots confirm and 
emphasize this resemblance, for they show how closely the general relation 
of leaves and phylloclades in the bud of Myrsiphyllmn recalls that met with 
in the Rusceae. Fig. 6 D, for instance, is almost the counterpart of the sec¬ 
tion of a corresponding bud of Rnscus aculeaitts^ L., such as that shown in 5 , 
Fig. II B, p. 236. And this resemblance extends even to such minor 


/., bears branch /A.j in its axil, but no phylloclade; /.g bears a phylloclade, and an undeveloped 
bnd, /.As; /.^ bears branch, with phylloclade,/r.3, at its base ( x |). Fig. 5 b, small region of 
axis, with lateral branch, /./?., similar to /.Ag in Fig. 5 A (with its phylloclade,/;',, whose tinder 
surface is shown) arising in the axil ofleaf/.; /. and/*, scale-leaves borne by/./;, (slightly enlarged). 
Figs. 6A“D, series of sections through a plmnnle apex ( X47); had, /;, in axil of leaf, /., bearing 
phylloclade, /n, and leaves, /.i, and /%, and phylloclade, //-i, in axil of /.i. Figs. 6 a-c are near 
together. In Fig. 6 B, which is considerably higher, close to the extreme tip of the shoot, the 
phylloclades are dotted and the axillant leaves left white; undifferentiated apical cone; 
/r., upper part of the prophyll shown in Figs. 6 A-c. Figs.* 7 A-c, series of transverse sections near 
shoot apex, showing development of slightly older bud, than that in Fig, 6 ; /., axillant leaf (x 47)* 
Fig, 8, transverse section through an axillant leaf, near the apex of a shoot, with phylloclade,/A, 
and bud, in. its axil, bearingleaves, /'-i and /.2 (x 47). Figs. 9 a-f, series of transverse sections 
from' below upwards through shoot' apex, showing two ■successive leaves, '/.j and'. /y? their phyllor 
eludes,/r.'i and/A.j ;./r.2 is terminal to the shoot ( X47), 
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peculiarities as the tendency— common amon^ the Rusceae*—for the phyllo- 
clade sometimes to appear as the terminal member of a shoot ; Figs™ 9 A-F 
illustrate a case (the only one I have seen) in which a phyllocladc of Myrsi- 
phyllum {pr,p forms the actual termination of the axis. And when we 
turn from the general shoot-relations to the vascular scheme of the pliyllo- 
cladc, wc find an even more marked agreement between Myrsiphylltim and 
the Riisceacu Transverse sections at the base of the organ reveal an arc of 
bundles, each with a V or horseshoe of xylem, which in most cases is directed 
downwards, that is to say, towards the axillant leaf (Fig. 3). Sections of the 
main part of the pliylloclacle (Figs. 4 a. and B) show this feature even more 
strikingly, since here the palisade parenchyma lies, as usual, towards the 
upper surface, but the xylem, which in normal leaves is turned towards the 
palisade, is, in the phylloclades, directed downwards, i. e. towards the axillant 
leaf This unusual orientation is a character which the phylloclades of 
Myrsiphyllum share with those of Danae^ Rtiscus, and Semele (cp. Figs. 4 A 
and B of the present paper with 5 , Figs, 2 B and C, 4 B, p. 232, lo, 39 D-F, 
p. 236,21 ,D and K, 23 A and B, p. 238,26, 28, p. 240, and 35, p. 244). A study 
of the phylloclades of the Rusceae has led me to the conclusion that these 
organs are the prophylls of reduced shoots, whose axes have no free existence. 
The phylloclade of Myrsiphylhim corresponds so closely to those of the 
Rusceae that, if my interpretation is correct ior Dmiae^ Rusetts, and Semele, 
it must inevitably be extended to Myrsiphyllum, I will not reiterate the 
argument, so far as it applies equally well to the Rusceae and to Myrsi-^ 
phyllum, since it is treated at length in the paper already cited, but there 
are certain features, in which Myrsiphyllum differs from the Rusceae, which 
demand attention ; these features seem to me, however, to increase rather 
than diminish the probability of the prophyll interpretation. 

Confining our attention for the moment to the non-reprodactive shoots, 
it will be recalled that, in the case of the Rusceae, two kinds of lateral 
branches occur in the axils of scale-leaves:— 

I. Sliort shoots, ,in which the rudimentary; axis never becomes free from 
the phylloclade (prophyll). 

' 2. Long shoots, without a differentiated prophyll, but bearing a succes¬ 

sion of scale-leaves, which have reduced shoots (belonging to type i) in 
their axils.' ' ' , 

Both these classes of lateral branch occur in Myrsiphyllum, but in 
addition the following type is found :—' 

, '3.''Long shoots,, bearing a basal phylloclade (prophyll), which is, 
succeeded by scale-leaves, with reduced shoots (belonging to type i) to 
their .axils.^ 

', These' three contrasting types are, shown' in Fig. 5 A, p. 636 ; the upper.: 
phylRclades;'on.'.'.branches'bonie'on reduced lateral' axes 
belonging tO' type".'!' represents'Aype 2, in which a long shoot, without 
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a basal phylloclade, arises in the axil of a scale-leaf; while with its basal 
phylloclade (prophyll),, is an example of type 3. This third type can 
be studied more readily in Fig. 5 B, which shows, on a larger scale, a lateral 
branch, emerging somewhat asymmetrically between its prophyll 

(phylloclade), /r., and the axillant leaf,/. For the clear understanding of 
these different shoots, however, naked-eye observations are insufficient; 
serial sections are required in order to determine the precise relations of the 
parts. The form of branch which we have called type % is seen in section, 
at a very young stage, in Fig. i B (near foot of page); the section traversed 
the base of a plumule, such as that of the seedling drawn in Fig. i A ; it is 
characteristic of the first plumular leaf, /.^ that it makes its appearance very 
low down, between the two flaps of the cotyledonary sheath, c-lh This leaf, 
/.j, has in its axil a bud, which has produced two lateral scale-leaves, /'.^ and 
/'.,; it wdll be noticed that there is no prophyll facing the axillant leaf. 
Figs. 6 A-c, on the other hand, show a series of sections through the origin 
of a branch belonging to type 3, in which there is a basal phylloclade, pr. 
These sections are slightly bewildering at first glance, but they explain 
themselves when one realizes that the unusual appearance of the lateral 
branch is mainly due to the fact that its terminal bud, b., is pushed to one 
side by the excessive development of its prophyll (phylloclade),which 
itself remains attached dorsally to the parent axis, after the apex, 5 ., has 
become free (Fig. 6b; see also Fig. 7 The fact that, instead of 
embracing the daughter axis to which it belongs, the margins of the phyllo¬ 
clade bend, as it were, backwards round the parent axis, so that it lies 
more or less parallel to the axillant leaf, is also due, like the deflexion of 
the apex, to the exaggerated size of the phylloclade, and the confined space 
in which it has to develop. In these sections, two further leaves, l\ and l.\, 
and a third rudiment, pr\., which is probably the phylloclade in the axil of 
/'.p follow the phylloclade (prophyll); they are distichously arranged, and, 
but for the displacement of the lateral bud, they would lie at right angles to 
the prophyll.*'^ 

Figs. 7 A-C are from a similar but slightly older bud, Fig. 8 repre¬ 
sents another branch at a still more advanced stage ; in this case the lateral 
shoot, b., is less deflected from the median fine than in the other examples 
illustrated. 

I regret that I have not been able to study reproductive shoots, 
but the appeai-ance of the infructescences (Fig. 2) indicates that the mode 
of branching is allied to that described, for the vegetative shoots, as type 3. 

An inspection of Figs. 6, 7, and 8 suggests that, in Myrsiphyllim 
asparagoides, we have a case which makes the anomalous morphology of the 

^ For an account of the same feature in proper, see 14. 

/.I and arise almost at the same level; indeed the leaf which I have called /'.-j may some¬ 
times begin to make its,, appearance a little before/.i- ■ 
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Riisceae easier to understand. In both instances the key to the problem 
lies ill the recognition of the phylloclade ’ as the overgrown prophyll of 
a lateral shoot, but whereas, in the Rusceae, this lateral shoot remains 
abortive, or, if it continues to grow, never becomes free from the prophyll, 
in If. tisparagoides it sometimes grows on, and forms a normal elongated 
axis, bearing a succession of leaves, Myrsiphyllnm thus offers a link between 
the Rusceae and other Monocotyledons, whose vegetative system follows 
more ordinary lines. 



Figs, to a-k, pliylloclades of MyrsiphyUnm ; throughout,/,, fibres ; xylem ; phloem ; 
palisade parenchyma ; arrows indicate direction of xylem. Fig. to a, M. vohtbiie (Asparagus 
mluhilis^ Thnnb.), part of transverse section of phylloclade ( x 23) ; m.h,^ median bundle. Figs. lo B 
and c, 'M, "Krmisimmm^ Kunth {A. Arawj/V, Baker); Fig, 10 b, transverse section of phylloclade 
( X 23) ; Fig, IOC, midrib strand (x 318). Figs. 10 D and e, M. undulatum^ Schlecht. undula- 
Thunb.); Fig, 10 d, transverse section of phylloclade (X23); /&., keel; ni.r.s,^ midrib strand 
consisting of four bundles, b.i, ^^3, and embedded in fibres; Big. 10E, midrib strand from 
„Fig. io,0 (xi,93,). 

(ii) MyrsiphyllMm vohhile {Asparagtts %wluhilis, Thunb.), M. Kransianum 
Eimth '{A. Krausi( Baker), and M\ tmdulatnm, Schlecht. {A. undnlatus, 
■' Thunb.).' 

■ It now becomes necessary to compare the phylloclade of Myrsiphyllnm 
with''that'of'the members of the Section, in order to 

sseeiTthe"interpretation advanced'for Jf.'is applicable to the 
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■other species^ In each of the three species in questioiij the phylloclade 
resembles that of M. asparagoides in being leaf-like in appearance, but the 
anatomy is somewhat different, and the development of fibres is much 
greater. 

Of Asparagus voltihilis^ which I should prefer to call Myrsiphyllum 
voluMle^ I have only been able to examine two detached phylloclades 
(Fig* 10 A, p* 640)* But these agree with M. asparagoides in having the 
xylem of the majority of their bundles directed away from the palisade 
tissue, and therefore, presumably, towards the axillant leaf* The marginal 
bundles, however, are placed horizontally, with their xylems pointing in the 
direction of the midrib. 

In the case of Myrsiphyllum Kratisianum^ again, I have only had two 
phylloclades, without the axis which bore them, so that the orientation 
could not be determined with certainty. But two or three of the smallest 
bundles are placed so that their xylems are turned away from the palisade 
tissue, as in the two preceding species, while the majority lie with their 
plane of symmetry parallel to the surface of the phylloclade; this is the 
case even in the midrib (Figs, 10 B and C). I am inclined to think that this 
peculiar orientation, which I have never seen completely paralleled in any 
other foliar organ, is merely the extreme development of a tendency which 
is already, to some degree, operative in the other species. In M. aspara^ 
guides^ the great majority of the bundles, like most foliar strands, are 
symmetrical about a plane at right angles to the surface of the phylloclade, 
but a few are placed horizontally (Fig. 4 A, p. 636). In M. volubile^ so far as 
my observations go, a single bundle at each margin has this horizontal 
placing (Fig. 10 a), while in M, undulatum this character is shared by two 
bundles at each margin (Fig. 10 d). If further bundles were to become 
involved, until a stage were reached in which all the principal strands were 
orientated perpendicularly to the usual plane, the type of structure met with 
in Krausiantim would result- Occasional horizontally-placed bundles 
are not unknown in organs about whose foliar nature there is no dispute. 
The marginal bundles of the phylloclades of Oxalis bupleurifolia, A. St.-HiL 
( 1 , Fig. 3 B, p. 474), and of the leaves of Ophiopogon japonicum^ Ker-GawL 
( 2 , Fig. 38, p. 464), and of Allium Dioscoridis^ Sibth. et Sm, (2, Fig. 30 B, 
p. 459), share the same peculiarity. But the point which concerns us chiefly 
now is that this type of orientation may be observed, though rarely, in the 
Rusceae ; for individual bundles in the phylloclades oi Danae racemosa and 
Ruscus actikaius sometimes lie horizontally. 

In the case of the third species— Myrsiphyllum undulaium^ Schlecht.— 
I was fortunate.' In having a piece of axis with several phylloclades attached, 
;S'o that I, could'determine the orientation y in Fig. 10 D, which shows, the 
transverse section;.of "the phylloclade,, the axillant leaf would lie towards the;, 
■foot of the page, while the palisade iS'On the upper surface, which 'm turned 
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away from the axillant leaf. In this respect the pliylloclade resembles that 
of M. asparagoides ; its form is, however, somewhat different, as there is 
a median keel, which is not found in any of the other species. The 
minor bundles, as in M. asparagoides and M. iwliibik, have their xylems 
directed away from the palisade parenchyma, i. e. towards the axillant leaf, 
while the two marginal bundles on each side have their xylems directed 
towards the midrib, like the marginal strands of M. Kratisianum. There 
is, however, one noticeable difference between M. undulatmn and the three 
other species—namely, that the midrib and the principal lateral bundles are 
supplied by steles including several bundles radially arranged, instead of 
single bundles. Fig. lo E shows the detailed structure of the midrib strand, 
which consists of four bundles embedded in fibres. But this peculiar 
anatomy does not invalidate the prophyll interpretation, since we find an 
exactly comparable type of structure in the phylloclades of Ruscus Hypo- 
glossimi^ L., R, Hypophylhiniy L., and Semele androgyna, (L.) Kimtli, in 
which even the non-flowering phylloclades have radial bundle-groups in 
their principal veins (compare Figs. lo i) and E with 5 , Fig. 23 B, p. ':J38, 
Figs. B and aj E, p. 34 Q, and Fig. 45 B, p. 246). 

A minor anatomical feature, common to the phylloclades of all four 
species of Adyrsiphylkmi^ is the occurrence of a relatively enormous develop¬ 
ment of fibres on the side of the bundle remote from the phloem ; this 
arrangement is shown in detail for M* asparagoides in Fig. 4 B, p. 636., and for 
RL Kransimttim in Fig. 10 c, p. 640. This is the reverse of the usual scheme, 
in which the fibres lie outside the phloem, but it is not without parallel in 
the leaves of Monocotyledons; I have observed it in Xyris brevifoUa^ Mich. 
( 4 , p, 83 and PL II, Fig. 18). It is, however, an extremely rare condition, 
and its appearance in these four species belonging to the Myrsipkyllum 
group confirms the view that they deserve to be segregated from Asparagus 
and given generic rank. 

We may, I think, conclude, from this brief account of the phylloclades 
of voluUk, M» Krausiiznum^ and tmdulatum, that the facts of their 
structure strengthen the case for the morphological identification of the 
phylloclades of Myrsiphyllimi with the phylloclades (prophylls) of the 
Rusceae. 

(iii) HistoricaL 

I have begun by putting forward my own view of the phylloclade of 
■MyrsipUyllum^ instead of first treating the subject historically, because it 
seems to me that the morphology of the genus has never, hitherto, been 
f,€onsidered># ■its: man merits \ ■ each '.author who' has dealt .with the .question 
' lias,assumed that the .relationship’ .between ■MyrsiphyUiim mA Asparagus:, iS: 
so close that any theory which’is'held'.'about the nature' of/the f needles.^ of 
Asparagm applies automatically/.'’.tO:-. the’''phylloclades' of MyrsipPyUum, ' or 
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rather to those of M, asparagoides^ Willd., which is the only species which 
seems ever to have come under discussion. Kunth (IT)^ so far as I know^ 
was the earliest waiter to term the assimilating organs, both of Myrsiphylhim 
and Asparagus^ sterile flower-stalks,' but without giving reasons for liis 
opinion. Celakovsky (11), again, assumes the homology of the phylloclades 
of Myrsiphylhim and the needles of AsparagtiSy but brings forward no other 
evidence (at least in his German abstract) for the view that they are axial 
Goebel (15 and 16 ), also, while admitting that the phylloclades of Myrsh 
phylkim asparagoides ^ have entirely the structure of leaves \ yet holds, by 
analogy with the needles of Asparagus^ that they must, of necessity, be axial. 
Velenovsky ( 24 ), again^ although, in opposition to Goebel, he upholds the 
view that the phylloclades of Danae are foliar, nevertheless concludes that, 
despite their great apparent similarity, the phylloclades of Danae and 
Myrsiphylhim cannot be homologous organs, because those of Myrsiphylhim 
are axial like the needles of Asparagus, Indeed, the principal supporters of 
the theory that the phylloclades o{ Myrsiphylhim are stem structures agree 
in never having brought forward any argutnent in support of this .opinion, 
which seems to be an unwarranted deduction from conclusions arrived at from 
the study of Asparagus {sensti stricto), I hope, however, to show in a later 
section of this paper that the needles of Asparagus differ so widely from the 
* phylloclades' of Myrsiphyllum, both in their relation to the rest of the 
shoot and in their structure, that it is highly improbable that the same 
morphological interpretation can be made to serve for both organs. 


3. The Spinous Scale-leaves of Aspaj^agus, 

The scale-leaves of many species of Asparagus are characterized by 
a downward basal outgrowth in the median plane, which may become hard 
and spinous at maturity. These spines (j".) can be seen in Fig, ii A, p. 644, 
which represents a young branch of A. trichophyUus, Bunge. Fig. 15 shows 
a longitudinal section through a single young scale-leaf of Asparagus plumo- 
sus^ Baker, in which the tail or spine is well developed, while Figs. 16 A~F 
represent a series of transverse sections passing upwards from below through 
a similar scale-leaf. Figs, 14 A-E are, however, of greater interest, since it 
is possible to make out from them the rather curious vascular scheme of the 
organ. Fig. 14 D shows a bundle, passing horizontally from the axis 
towards the leaf; it turns directly down into the spine (Fig. 14 A), The upper 
scale-like portion of the leaf is supplied by branches (/,^.) arising from the 
Spine bundle on the side remote from the axis. "In .Asparagus’officinaliS'^ 
Lh(Figs. 19 A-E, p. 648), the same scheme is followed. Here the bundle, 

passes down into the spinej forming, near the lip, a vascular complex 
(Fig. 19 a), From this bundle three strands (/,^.) are given off on the dorsal' 
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■ Figs, 11-16. Ings, 11-^14, Aspara^is iriWiop/ij/ihUf Bunge. ,Fjg. ii, a, lateral branch with 
nower'-buds borne on main aerial axis, (about nat. size) ; /,,axillant leaf with spine, r. Fig. 11 B, 
power-bud enlarged to show articulation, near top of pedicel, and basal bract, The dotting 
indicates change of colour from green to brownish below articulation. Fig. i j c, lateral branch with 
a pair of fruits at the base (x|). ' Figs. 13 a and B, two,sections from series from below upwards 
through jmung'group ; of ■■ six needles in axil ofleaf,/,■; the process marhed X is possibly a seventh 
c, a third section, a little higher, on a larger scale to show vascular tissue 
C^'47)*- ,Fig, i^pcentral cylinder from; a lateral''.member of a group:, of three'mature needles (Xi'^iB) 
showing six bundles,! xylem.; ,phloem.; jd, fibres.' Figs. 14 A-E, .series of section,s' from below 

upwwds through^aiiuxillant''scale-leaf ( ;x 14) ■; Figs. -14 a and .b show the free spine, 'Fig. '14 c, 
•attachment to axis; sA^ vascular bundle, of,''spinej ,7.(5., branches given 'Off to,'s»p|%,leafy 
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side and enter the upper part of the leaf. Exactly the same process takes 
place in Asparagus scaber^ Brign, (Figs. 38 A-F, p. 655), though here the 
spine of the scale-leaf looks externally rather different, since it bears irregular 
emergences (Fig. 37). It is probable that the vascular scheme of the scale- 
leaf of Asparagusplumosus (Figs. 16 A-F, p. 644) follows the same lines, but 
in the leaves which I cut the differentiation of the bundle-tissue in the spine 
was incomplete. 

Clos (12), in whose paper references to earlier work will be founds treated 
the spines of Asparagus^ not as belonging to the leaf, but as processes from 
the coussinet' ; Goebel ( 15 ), on the other hand, interprets the spines as 
outgrowths from the under side of the leaf. In view, however, of the 
anatomical structure just described, it is bard to see how either of these 
opinions can be maintained. For the main fact which emerges from the 
study of the vascular system is that the spine is an integral and important 
member of the leaf, since it receives its vascular supply direct from the axis, 
while the upper scale-like part of the leaf is supplied—secondarily—from the 
vascular tissue of the spine. I wish here to support an interpretation— 
totally different from that of Clos or Goebel—first indicated in 1920 ( 9 ) in 
a preliminary note by Professor Luigi Buscalioni of Catania, who very 
kindly communicated his idea to me more fully in a letter dated May 20,1931. 
According to this view, the spinous leaf of Asparagus is a phyllode with no 
true lamina, in which the basal ieaf-sheafh is also absent, but the petiole is 
present in the form of a reflexed spine, while the upper scale-like part of 
the leaf is a ligular sheath. It may be difficult, at first glance, to visualize 
the relation borne by these curious leaves to others of a more normal type, 
but an analogy can be found in certain seedlings, in which the petiolar limb 
of the cotyledon is directed obliquely downwards. The seed-leaf of Tigridia 
(Iridaceae), for instance, bears a close resemblance to the spinous scale-leaf 
of Asparagus^ for it has no basal sheath, but consists entirely of a sheathing 
ligiile, continued basally into the cotyledon sucker, which is directed 
obliquely downwards ( 21 , Fig. 15, p. 168). I believe that the spine of the 
"Asparagus scale is equivalent to the sucking part of the cotyledon in 
Tigridia^ and that both these organs are of petiolar nature. 

4. The ‘Needles’ of Asparagus, 

(i) Historical, 

The vegetative shoots of Asparagus bear scale-leaves in wfliose axils 
arise groups of assimilating organs, which are generally slender and aciciilar. 
■'■Throughout' the present paper, I am using, the, term ‘needles’ for these 

part of scale. Figs. 15 and 16, Asparagus plmnoszts, Bokei, Fig. 15, longitudinal section of leaf, 
' with spine, and' axillary 'bud, '^,,'from near; apex of young axis, crx.,',February (, x 14),, ■,■; Figs. 

' A-F, series of transverse sections from below upwards through a leaf and bud,, February ':; lettering 

,' iaFig.'T5 (xi4)- ■ , 
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organs—whatever their exact form—because it is a non-committal terra 
which carries no morphological implication. 

r 3 e Candolle in 18^7 (10) interpreted the needles of Asparagus as 
reduced leaves borne on short shoots like those of Pinns^ and a few other 
writers^ notably Buscalioiii ( 9 ), have held some version of the foliar view 
(see also 23 ). But the great majority of observers have regarded the 
needles as axial organs, probably equivalent to flower pedicels. The first 
expression of this view is, I believe, that of Link in 1798 ( 18 ) ; in the early 
nineteenth century, he was followed by Bravais (8), Doll ( 13 ), Wydler ( 25 ), 
and Kunth ( 17 ), and this interpretation has been almost universally accepted 
by modern writers ; it is supported, for instance, by Celakovskj/ (11), Reiiike 
( 20 ), Velenovsky ( 24 ), and Goebel ( 16 ). But though this view has been so 
very widely adopted, it has seemed to me,’ on studying the literature, that it 
has been accepted rather as an article of faith than as a conclusion from the 
balance of probabilities ; singularly little evidence appears ever to have been 
adduced, either for or against it. I have therefore made a re-examination 
of the vegetative organs of the Asparagus shoot, in order to try and deter¬ 
mine which of the two opposed interpretations—the foliar or the axial— 
receives most support from the actual facts. 

(ii) The Rdation of Vegetaiii^c Axcs^ Pedicels, and ^ Needles \ 

In certain species of Asparagus^ the flowers are borne on special lateral 
axes, which produce no needles, e. g. A. Sprengeri, Reg. (Fig. 36 A, p*65i). 
But, in the more familiar cases, vegetative branches, flowers, and needles 
are grouped in a fashion which may almost be described as indiscriminate. 
Fig, 11 A, p. 644, shows a young shoot of A, Iric/wphyllns, Bunge, bearing 
.flower buds, while Fig. 1 1 C represents one of the laterals of such a shoot at 
the fruiting stage. Here the node bore one needle, one vegetative branch, 
and two pedicels; but this scheme is only a single example from a large 
number of possible, groupings. I examined a clump of this species, in order 
to see if there were any regularity in the rdation, at the nodes, of vegetative 
shoots, flowers, and needles, but. I ■ could ,-discover none. I found that the 
nodes in this particular clump could be assigned, according to the organs 
which' they bore, to as inany as seventeen classes,' which tnay be summarized 
as follows nodes bearing 3, 4, 3, 6, ol* 7 needles alone; nodes bearing 4, 
5, 6, 7, 8, or 9 needles and i vegetative branch; nodes bearing g, 3, 4, or 5 
needles, I vegetative branch, and i pedicel; nodes bearing i or 3 needles, 
,1'^ vegetative branch, and a pedicels (ehg. Fig. ii,C,.p. 644).''The inspection' 
of such a clump certainly leaves on one’s mind the impressioil that it would 
not; - be'-,''.,S'Urpid$ing', , ifthese"' Vegetative ^ shoots'^, pedicelsj:and - needles were-' 
■''morphol'Qgically''-''e^^^ Nevertheless^ 'the fact'that'these, organs. ca'E"' 

:replace'O'ne, another''With,; s amount, to of the 
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axial theory of the needles ; evidence of a more stringent character is needed 
before its validity can be regarded as established. 

It is usual ill Asparagus for the needles to be grouped in smaller or 
larger fascicles, with a tendency to symmetry about the median plane. 
Fig. 39, p. 651, shows a srtiall group of needles belonging to A. Sprengeri^. 
Reg. They arise in the axil of a reduced leaf, and are associated basally 
with small scale-like structures, which we will consider a little later (p« 650). 
The needles marked W and X are the first to become free ^ at a slightly 
higher levels Y and z are detached, while the central needier V, is the last to 
become independent; Indications of a corresponding order of origin are 
seen in sections of very young needle-fascicles, such as Figs. 36 G and 31 F, 
p. 651. The order of detachment of the needles in this and other species is 
often puzzling to follow, because the separation is sometimes almost instan¬ 
taneous and the needles themselves may be very numerous; It is difficult, 
for Instance, to draw exact conclusions about the order in such cases as 
A, plumostis^ Baker (Figs. 18 A and B, p. 648)^ A, retrofractus (Figs. 
39 A-C, p, 655)^ and A, selloiviana (Figs. 46 A and B, p. 657). However, 
when the fascicles are five-needled^ there seems to be a general tendency 
for the needles W and x to be the first to become free,* and for their tips 
not to reach so high a level as those of Y and z, which are again overtopped 
by V, Fig. 28, p. 649^, gives an idea of the general scheme in the case of 
Asparagus officinalis. 

We have so far considered only needle-groups, pure and simple, but 
there are also more complex cases^ in which flowers and vegetative branches 
are associated with needles in the axil of the same leaf. In Figs. 19 A-N, 
p, 648, we can trace^ in a series of sections taken from below upwards, the 
history of an axillant leaf of Asparagus officiHalis and the structures which it 
subtends ; these consist of a vegetative shoot^ A, bearingj basally and laterally, 
two needles, and two flowers,/. Fig; 20 is a similar case^ but the flowers 
themselves are s'een in greater detail. The central vegetative shoot (a in 
Figs. 19 F, h) is traced further^ though not to its apex,- in Figs. 19 I-N ; 
it bears axillant leaves and needles. We may, I thinks admit that these 
serial sections lend colour to the idea of the equivalence of needles, 
flowers^ and vegetative shoots; it seems not Unnatural to suppose that the 
five organs (2 needles, 2 pedicels, and i vegetative shoot) within the axillant 
leaf, /., in Figs. 19 F and G, correspond to the five ofgans (5 needles) within 
the axillant leaf, in Figs. 19 L,, M, N. Wydler ( 25 )^ however, whose views 
are expressed in a diagram, which has been frequently used by later tvriterSi^ 
goes further than this $ and definitely interprets the needle- and flower-group 
of Asparagus officinalis as a partially sterilized inflorescence—a double cyme^ 
comparable with that of Lamm^n or Galeobdolon. This view is also adopted 

^ See, for example, Engler and Prantl,.PHan2enfamilien, II, 'i. 18S8, p. ,77, Fig; 

tfu, 
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Figs* 17-22. Figs. 17 and t8, Asparagusphimosth^ Baker; Fig. 17, transverse section of part 
of axilknt leaf, 4 , and axis,to skow bud, with prophyil,/r., February ( x 47). Figs, 18 A and 
B, two sections of a fascicle of needles from an older shoot. Figs. 19-22; A. officinalis, L.; Figs. 19 
A-N, series of transverse sections from below upwards through a young shoot (x 47); ax,, axis; 
and , tails of axillant leaves, /. and /.; s,h*, vascular bundle of sJ ,; Lb,, bundles given off from 
Silh'lo supply, upper part of leaf 4 n,, n,, W;X, Y, z, needles ; f,, flowers; per., perianth'members,;,,, 

no. vascular tissue''represented oxcept the xylem of leaf'/. * ■ From Fig'.' 191 onwards, development,'of 
central axis, A/aloaeiollowed.,: Fig.,'soysection through another shoot, for comparison with F"ig.;i,9'':H,,' 
on a smaller scale, but'showing flowers,'/), mo'r© completely formed; i.y and /.a, axillant leaves 
(x 14);.see Fig. 2,5, p,.649',',for:",'bra'cts, at 'the 'base of 'these'pedicels, B'ig. 21, group- of''jO'Ung 
needles''in axil of leaf 7 ,, to'.show'; vascular'system ■.'■(x. 4 7),, , Fig. ,22 j transverse hand'Section of 
maturepedicel (,x 2'3)., ,' 
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by Payer ( 19 ). Wydler represents the two flowers as the first lateral organs 
to be formed^ while he regards the first two needles as branching from the 
base of the pedicels, and the succeeding needles as branching from one 



Figs. 23-8, Asj^ara^ns officinalis, L. 23 a, transverse section of ^otip of three needles in 

axil of shrivelled leaf, showing their attachment to one another and to the axis (x47). 
Figs. 33 B and C, central cylinder of middle needle (b) and one of the lateral needles (c) of Fig. 23 a, 
at a higher level ( x 318) ; xy,, xylem; /*., fibres; yh,, phloem. Figs. 24 A and B, hand sections, 
lower (a) and higher (b), in a single needle (X77); puL, palisade parenchyma* Fig. 25, bud axis, 
b., bearing two lateral bracts, br., and flower pedicels, p,,in axil of leaf, /. ( x 14); the flowers borne 
on these pedicels are shown in Fig. 20, p, 648. Figs. 26 a and B, two transverse sections showing 
another pair of pedicels from the same shoot as Fig. 25, but in which the bracts are differently 
placed (XI4). Figs. 27 A-C, transverse sections from series through group of needles in axil 
of leafto show scale-leaves, associated with iieedles w and x, which are not pedicels, but 
terminate upwards without further differentiation, as shown in Fig. 27 c, cut just below their tips 
( X 47). Fig. 28, transverse section of young shoot showing cycle of leaves, /.i-Z.s, each with needles 
in its axil ; in passing upwards, the needles w and x of each group first disappear ; then Y and Z; and, 
finally, V is left alone (X 47). 

another In regular , succession on alternate sides. , But, according to my 
observations, the two needles, ■#. and n. in . Fig, 19 F, are the earliest :organ.s 
to be detached, becoming 'independe,nt,. before the flowers,/."and /, have"' 
freed themselves either from the parent- or the daughter-axis ; and I have, 

■ Uu 2 , 
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been unable^' either in such a case as this, or in fascicles consisting of needles 
alone, to determine any constant order of origin for the needles after the first 
two. I have thus been, unable to find any reality corresponding to Wydleds 
diagram, and I am forced to the co'iiclusion that this diagram merely repre¬ 
sents the theoretic idea which he had fotmed. My failure to confirm 
Wydier's description in no way, however, affects the probability of the axial 
theory of the needles perhaps it rather removes a difficulty^ for it would_ 
be curious if these needles^ whose relation with the flovt^’er-pedicels seems an 
intimate one,-would achieve a cymose grouping,, when, so far as I can learn, 
the inflorescences of Asparagtis proper are always of the racemose type, 

(iii) The Scdle-leaves associated with the Pedicels. 

In considering the group of organs arising within the axillant scale- 
leaves of AsparaguSi we have omitted all consideration of the small 
membranous scale-like structures, which are sometimes, though not always, 
present, A basal bract may be associated with the flower-pedicel (iJr., 
Fig. II B, p. 644) and it is possible that the articulation, which occurs 
part way up the pedicel, may represent the last trace of one or more 
bracteoles. The bfacteole explanation of the articulation is confirmed by 
the differefice in colour above and below it, indicated in Fig. 11 B; the 
surface of the distal part of the pedicel would be penanth-leaf-skin, while 
that of the basal region would be bracteole-leaf-skin ( 22 ). The bracts 
associated with the pedicels are seen in serial sections of shoots of A. 
nalis in Figs. and iab, p. 649 ; it will be realis^ecb on comparing the bracts, 
/;r., in Figs. 25 and 26 A and B, that their position is variable ; it is doubtful 
whether one should consider them to be bracts or bracteoles. In another 
case I followed serial sections through a pair of flowers without finding any 
trace of a bract in connexion with either. This case is illustrated in 
Figs. 19 F-H, p. 648 ; the^structures marked per.^^ which might perhaps be 
taken for bracts,, are, ia reality, perianth members. 

(iv) llte Scaledeaves associated with the ^Neediest 

That the bracts, discussed in the preceding paragraph, occur in associa-- 
tion with the pedicels of Asparagm is a matter of common .knowledge (6), 
buknothing comparable,'so far as I know, has. hitherto, been observed dn 
connexion with the needles;, Goebel,- in fact, definitely states that these■ 
organs are quite leafless ( 16 ). 1 was therefore surprised to find, among my 
serial sections of non-reproductive shoots of A. officinalis^ one 5-iieedIed 
fascicle, in which two of the needles (w and X, Figs. 27 A and B, p. 649) each 
bore a small scale-leaf (Ag)* resembling the bract of a pedicel It will be 
. .recognized,-from F'igva; b,,: that .W and X- are undoubtedly needles and not 
'pedicels, -'for they',term|nate m pointed; apices,;' quite "unlike-the- rudimentary 
:flow.ers, seen in. other/sections., This ..was,' the,, only ■ example of: the/kind 
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Figs. 29-36, Asparagus Sprmgeri^ Reg. Fig. 39, group of five Beedles (v, w, x, Y, z) in axi! 
of leaf, /.j with spine, s; small scales at base of needles (nat. size). Figs. 30 A~G, seriesof trans¬ 
verse sections through one leaf, with its spine, sj., and the five needles, Y, w, x, Y, z, in its axil, 
to show leaves /'.j, /.g, pr„ associated with the needles w and X ( x 47), Figs. 31 a-f, series similar 
to that in Figs. 30 a-g, bnt showing lobing in case of w and X, which gives rise to the rudimentary 
needles w' and x' (X47). Fig, 32, transverse section of base of three needles, somewhat older than 
that shown in Figs. 30 and 31 ( X47) ; in this case and are developed on each side, but not 
pK Figs. 33 A-C, transverse sections from series through axillant leaf, with spine, j., and group of 
three needles in its axil (x 47); in this case only the leaves are developed. Fig. 34, transverse 
section near base of a mature needle showing beginning of winged form ( x 77). Fig. 35, transverse 
hand section of mature needle to show winged form (x 24). Figs. 36 A~c, inflorescence. Fig. 3^4, 
node with two, inflorescences, f- and f. (one cut off short), associated with needles' and a, vegetative 
branch, in, the axil of a scale-leaf, /. (x|). Fig., 36 B, transverse' section ofunain axis-of; inflores¬ 
cence '( X77). Figs. 36 c and D, transverse sections of pedicel (c) below^and (d) above the articula-' 
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which I met with in A, opzcinalis, but in A\ Sprengeri the association of the 
needles with scale-leaves is a much more constant and striking feature. 
These scales can sometimes be recognized, even with the naked eye, as 
small scarioiis structures at the bases of some of the mature needles 
(Fig. 29, l.\ p. 651). Fig'. 33 B, p. 651, shows a section of a 3-neeclled 
group, in which there is a development of two leaves and corre¬ 
sponding in position with the two leaves observed in Asparagus officinalis 
(Figs. 37 A and B, p. 649). In another 3-needled group (Fig, 32, p. 651) 
I found four leaves Z'.^)- The fullest leaf development is, how¬ 

ever, found in such 5-needled groups as those drawn in Figs, 30 and 31, in 
which six leaves are associated with the needles. The delicate non-vasciilar 
structure of these leaves, and the fact that they originate at the base of the 
group of needles, at a level at which these have not completely freed them¬ 
selves from the axis, or from one another, makes it difficult at first to 
imderstand the relation of leaves and needles, but I have come to the 
conclusion that this relation is a definite and regular one. It will be seen 
that the leaves are associated exclusively with the needles W and X; Z'.^ 
and ZF^ form an opposite pair more or less at right angles to the axillant 
leaf of the whole group, while pr, is parallel to the axillant leaf,, which it 
faces. Now there seems to me no doubt that Zkp Z^^, and /r. arc to be 
interpreted as leaves borne upon the needles W and X, which are hence 
necessarily axial organs. The only alternative is to suppose that these 
leaves are really borne on the main axis, or on an axial base common to the 
group of needles ; it is possible that such a section as Fig. 31 E, in which 
the leaves are only partially free from the axis, might be pointed to in 
support of this view. But I do not think that this contention can possibly 
be maintained, in view of the actual position of the leaves, especially when 
we realize that, in other cases, leaves borne on what are undoubtedly lateral 
axes may yet be attached at the base to the main axis. Figs. 45 A and B, 
p. 657, for instance, represent the origin of one lateral bud {b.p and two 
secondary lateral buds in the case of a turion of Asparagus sellotmana. 
The buds,,<5-2 and very’early, before their parent axis,, has. 

become free from the main axis, ax.^ and just at their bases (Fig. 45 B) the 
leaves of the third order, which, in Fig. 45 A, I have labelled Z.^, show the 
same lack of freedom from the parent axis, as do the leaves i and 
in Figs. 30 D and 31 E, p. 651. It is interesting to note the occasional 
occurrence of outgrowths, w' and xVwhich appear to be rudimentary needles 
in the axils of the leaves marked (Figs. 31 C and D). 

This'..brief account of the leaves-associated wdth needles- leads, I think, 
to the conelusion that the needles W and X are axes, on which one, two, or 
. three vestigial leaves'are. developed,,, whereas the,; remaining needles of-.the 
'','':groupF-pi"<>'babIy.', because they ' suffer more'.from,, crowding than W' and 
as a rule,- to'develop leave's. ■ 7:0,.f,,the,-leaves''borne by Wand X,'the,leafin 



a Morphological Shtdy. 653 

Figs. 30 EjFjG^ and 31 F,p. 651, is the one which is most liable not to develop; 
it is absents for instance, in the needle-group shown in Fig. 3^, in which /b| 
and were present, and also in Fig. 33 B, in which /.g was found alone. 
Again, though pr. is well developed in connexion with W in Fig. 30 G, it is 
present only in a rudimentary form in connexion with X. In those cases in 
which it is present, it is the last of the three leaves to become detached. 
I think it is possible that /r. may, in reality, represent the prophyll of the 
shoot, whose axis is the needle w or X; its delay in freeing itself I suppose 
to be due to its compressed position between the needle to which it belongs 
and the other members of the group, The reasons which lead me to this 
conclusion are, in the first place, that/n occupies the characteristic position 
for a prophyll, and, in the second place, that, in its relation to the rest of 
the shoot and in its delayed detachment, it corresponds to the phylloclade 
of Myrsiphylhim asparagoides^ which I have interpreted as a prophyll 
(pp. 637-40). In this connexion, Fig. 7 B, p. 636, may be compared with 
Fig. 31 F ; in both It will be seen that the prophyll, 7>r., remains attached to 
the main axis, after the leaves I- and have become free. 

The discovery of the fact that leaves may be borne by the needles of 
Asparagus seems slightly to incline the balance to the ‘ vegetative shoot * 
theory of the needles, rather than the ‘ pedicer theory ; for Goebel has 
treated the alleged leaflessness of the needles as favouring the pedicel 
theory ( 16 ). 

(v) The Comparison of MyrsiphylUmt and Asparagus, 

If the homologies outlined in the preceding section of this paper be 
admitted, the comparison with Myrsiphyllum etsparagoides helps, I think, 
towards the understanding of the needle-fascicle of Asparagus, In 
M, dsparagoides^ the axillant leaf, subtends one lateral branch, which 
may bear a single overgrown prophyll (phylloclade) and may then grow on 
into a terminal bud producing a series of leaves (/.j, which stand at 

fight angles to the prophyll and the axillant leaf. Asparagus Sprengeri 
differs from Myrsiphyllum asparagoides in the fact that the axillant leaf 
subtends a number of shoots (needles) instead of one, and these^—in lieu of 
bearing hypertrophied prophylls (phyiloclades), followed by a succession of 
leaves—bear either no leaves at all, or else one or two reduced leaves with^ 
sometirnes; a vestigial prophyll in addition. It seems as if the energy, 
which in Myrsiphyllum goes into the development of an exaggerated pro¬ 
phyll, in AsparagtisdixA.'& its outlet in the multiplication of lateral axes. 

I am inclined to think that the arrangement of the leaves mAsparagus' 
indicates .that the needle-fascicle is not. a reduced and telescoped branch 
system, but' consists of a multiple set of buds, 'which may possibly, however, 
produce further needles of higher orders from' the axils of their basal leaves. 
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No exact analogy for this arrangement can be found elsewhere^ but the 
series of buds Avliich arise within a single scale-leaf of certain bulbs suggests 
a parallel condition* 

(vi) The Anatomical Structw'C of the ‘ Needles \ 

From a study of the relations of the needles as members of the sliooty 
we have been led to regard them as axial structures ; it now remains to be 
seen whether the probability of this view is increased or dimiiiishedy when 
we take their internal structure'also into consideration. 

The vascular system of Asparagus needles consists of a single central 
cylinder^ which iisiialiy includes a number of strands arranged in an irregularly 
radial fashion and often embedded in fibres. Figs. 43 A and D, p. 657, show the 
section of a needle of A, fa/eatus, L., which is traversed by seven bundles ; 
A. trie hop hyllus, Bunge, has a similar cylinder (Fig. 13, p. 644), while the 
structure of A. strieitns^ Thunb,, is also of the same type. I wish to draw 
attention to the latter species, because Reinke (20) has described the cladode 
as having two series of vascular bundles, lying just within the upper and 
lower palisade parenchyma. If this description were correct, the structure 
of A» siriatus would be entirely unlike that of any other Asparagus, 
I have found, however, on examining a few needles from Boschberg (British 
Museum Herbarium), that the anatomy is, in reality, of the type familiar in 
the genus ; Fig. 42, p. 655, shows the structure of one of these needles, 
while two others, of which I cut serial sections, had also precisely the same 
anatomy, with four bundles in the cylinder. It thus seems probable that 
the material which Reinke examined was misnamed. Velenovsky ( 24 ) 
takes the view that the foliaceous needles of Asparagus Sprmgeri, Reg., 
and A, faleatus, L., form a transition to the phyllocladcs of Myrsiphj/llum, 
It is hardly necessary to discuss this suggestion, since it is at once put out 
of court by a comparison of tbe structure of these organs, as shown in 
Figs. 34 and 35, p. 651, Figs. 43 A and B, p. 657,and Figs. 4 A and B, p. 636. 
The needles of Asparagus-^-even when their form is somewhat leaf-like—are' 
built, on a fundamentally different plan frpm the phylloclades of IPyrsi- 
phyllum. 

Mature needles of Asparagus officinalis have, at the base, three or four 
bundles in the cylinder (Figs. 23 A-C, p. 649) ; the tissue between these 
bundles is, sclerized. Higher up, the-number of bundles may be reduced 
from four to two (Figs. 24 A and B). The full equipment of bundles does not 
appear simultaneously in the very young needles—at an early stage one 
ligniBed bundle can sometimes be recognized, with one non-lignified pro- 
'cambial strand ".opposite to it/(Fig. ai, p. 648), the, other bundles being'" of 
later, development:'//The additional bundles, are mot, however, branches' 
-'''arisieg;'from'''the/:;firstrfbrmed ■ ''The middle, needle'' of ■Fig./a3(A,,' 

649, for instance, can be traced -without'obliquity' to its extreme "base, and, 
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Figs. 37“42. Figs. 37, Asparagus scabefj Brign. Fig. 37, side view of scale-leaf with 
basal spine, which, ip this species, bears emergences (nat. size). Figs. 38 A-F, transverse sections 
from series from below upwards through base of a scale-leaf; j., spine (XI4). Figs. 39, 40, 
retrqfractus. Figs. 39 A-c, transverse sections from series through the structures axillant to 
a single leaf, /. ( x 47). Fig. 40, transverse section of needle (x 31S) to show single bundle. Fig. 41, 
A.crispm, X.am., transverse section of needle ( x 23), Fig. 42^ Asparagus striatus, Thunb., trans¬ 
verse section of needle from Boschberg (Brit. Mus. Herbarium) (X47) ;central fibrous mass in 
which four bundles are embedded; 5/., stomates ; /os/., palisade parenchyma; papillose epidermis. 
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from tlie first, all its four vascular strands are found to be indepeiidento In 
Asparagus Sprengeri^ the bundles have a similar history. In one group of 
four mature needles of this species, of which I cut serial sections^ three of 
the needles had four vascular strands, while the fourth had three; in each 
of these needles, all the bundles remained free from one another to the 
extreme base. But in this species, as in A, officinalis^ the vascular system 
of the young needles is less complex ; they are characterized by a pair of 
bundles facing one another (Figs. 3a and 33, p. 651). In the case of the 
needles W and X, these strands lie in the plane of the leaves and 
(Fig. 3^), Ill A, trichophylliis^ again, the development seems to follow 
a parallel course, for here the young needles (Fig. 12 C, p. 644) have fewer 
bundles than the mature needles (Fig. 13), and one of the bundles generally 
seems to take the lead in lignification. 

The needle anatomy of many members of the genus is reduced in com¬ 
parison with the species which we have described. A. apliyllus^ L. (Fig. 44, 
P* ^ 57 )> two bundles, while the delicate needles ofX?. retrofractus (Fig. 40, 
p. 655) and A. crispns^ Lam. (Fig. 41), have a single strand; in the latter 
species, the small bundle is embedded in trabecular mesophyll. 

The features in the anatomy of the needles to which attention has been 
briefly drawn are, I think, on the whole favourable to the axial interpreta¬ 
tion. But it may, on the other hand, be suggested that a cylinder with 
a slightly irregular radial anatomy, such as that found in Asparagus needles, 
is not necessarily axial, since it may be paralleled, even within the Liliaceae, 
among organs that are undoubtedly foliar, e. g. the leaf of Laxmannia 
( 3 , pp, 454'-5 j Figs, 19 € and 21). The fact that, in the early stages, the 
needles may have only one or two bundles may also be cited in this con¬ 
nexion, But I think these arguments are outweighed by the flict that the 
mature needle of Asparagus shows no definite dorsiventral symmetry about 
any plane,which can be related, to an axis—existent or hypothetical; the 
vascular skeleton of a leaf, on the other hand, invariably has a elefinite 
orientation in relation to the parent axis. 

• If it be agreed that the anatomy of the needles supports the axial 
theory, the next step is to compare them with the pedicels, in order to see 
whether the anatomy lends support to the view that the needles can be 
assigned to one particular class of axis—the flower-stalk. If Fig. 36 D, 
p. 651 (the upper part of the pedicel of A, Sprengeri), and Fig, 34 (the 
basal region of a mature needle of the same species) be compared, it may be 
admitted that there is a similarity of structure which suggests that these 
organs are equivalent; but it should be noted that sometimes the pedicels 
are less sGlerized than in the cases figured, so that the resemblance between 
" the'two organs.becomes less striking.. -.It is possible, indeed, froni' thiS' one' 
,,-'.example to^ get an exaggerat.ed idea'.' of ,,the general degree'' of resemblance 
between ■pedicels,.' and needles. In Ai officinalis^ :'for; instance, the pedicel, 
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even when quite young, has a ring of procambial strands (/., Fig« 1^5, p, 649)3 
while the young needle has, as we have seen, only one or two bundles 
(Fig. p, 648)^ the radial scheme being completed later. The mature 
pedicel (Fig. 22, p. 648) is also by no means the exact counterpart of the 
mature needle (Fig, 24 A, p. 649). It thus seems to me that the vascular 
scheme of the needles of Asparagus presents no such precise similarity to 



Figs. 43-6. Fig. 43, Asparagus fakatus^ L. Fig. 4^, A, transverse seetion of a needle ( x 14). 
Fig. 43 B, the part of Fig. 43 A, between the arrows ( x 77); paL^ palisade parenchyma; ocy,, xylem ; 
pk,j phloem ; fibres. Fig. 44, A. ap/iy/lust L., transverse section of needle (x 77). Figs. 45 and 
46, A. selUwiana, Fig. 45 A, transverse section of tnrion (X47) to show, Iti axil of leaf/.j. lateral 
bad , itself bearing leaves and / g? with bncls Lo and 6 ,^ axils, bearing leaves of the third 

order, /.3. Higher up, it is found that the bud in the axil of the third leaf borne by ihi has needles 
in the axil of leaves of the order of /.g. Fig. 45 B, section through /Ag at a level a little below that of 
Fig. 45 A, to show attachment to axis (X 47). Figs. 46 A and b, two transverse sections from 
a series through a leaf (probably corresponding to /.g in Fig. 45) and its axillary needle*group 
(x77)- 


that of the pedicels, as to make it necessary to assume that the needles are 
sterilized, flower stalks. ^ ■ 

The sectional outline of the needles is curiously variable. They may 
be cylindrical (e.g. A. reirofracius,Fig, 40, p. 655), triangular (e.g. A, crispus. 
Fig. 41, p. 655), or of an irregular, slightly angled form (e.g. A, officinalis^ 
Figs. 24 A and B, p. 649, and A, aphylluSyFig, 44, above); or they maybe 
winged and foliaceous (e.g. A. falcatns, Fig. 43 A, above^ and A, Sprengcriy' 
Figs. 29 and 35, p. 651). In the case gi A, Spi^engeri^ I have observed the 
curious fact that these wings originate in the plane of the two first bund 
which is also'that of the leaves and (Figs. 32 and 33 C, Flow 
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the winging of stem structures is not a casual phenomenon, taking place 
fortuitously in any plane, but is a development of deciirrent leaf^bases, and 
licnce is related to the orthostichies ( 3 , pp. 30CS-10). I should like to suggest 
that the wings of the needle of Asparagus Spreiigeri (and possibly of other 
species with leaf-»like needles) may be the last indication of the decurrent 
bases of leaves, whose free part has ceased to exist, but which once formed 
a distichous series, of which only the two basal members, and /kg, have 
survived as non-vascular scales. This conception would be in harmony 
with the leaf-skin theory of E. R. Saunders (2'2). The two opposite bundles 
shown in each needle in Fig. 33 C, p. 651, &c., may also owe their precocious 
appearance, and their situation in this definite plane, to the fact that they 
represent the strands which originally supplied two ranks of leaves. 


5. Summary. 

In the present paper, which forms a sequel to a recent discussion of the 
Rusceae ( 5 ), an attempt is made to interpret the morphology of the ‘ phyllo- 
clades' of Myrsiphyllum (sometimes treated as a spb-geniis of Asparagus ); 
the spinous scale-leaves of Asparagus; and the * needles’ of Asparagus. 

It is concluded that the ‘ phylloclades ^ of Myrsiphyllum asparagoides^ 
Willd. {Asparagus medeoloides^ Thunb.), are the prophylls of lateral shoots. 
In the majority of cases, the axes of these lateral shoots are abortive, and 
produce no other organ than the pi'ophyll, which is precisely comparable 
with the phylloclade of Dame among the Rusceae ( 5 ). But the reduction 
of the prophyll-bearing shoot has not reached so extreme a point as in 
Danae^ and it sometimes continues to growg again producing a series of 
scale-leaves with axillary phylloclades. The prophyll interpretation of the 
phylloclade is extended to the three other species of Myrsiphyllum^ and 
attention is called to an anatomical resemblance between the phylloclades 
of M. undulatum^ Sclilecht.g and those of certain Rusceae. 

The spinous scale-leaves of Asparagus are regarded, in accordance with 
Buscalioni’s view ( 9 )^ as ligular sheaths, the downwardly directed spine or 
tail being taken to represent the petiolar limb. 

The * needles ’ of Asparagtfs are field to be axi.ah The chief piece of new 
evidence brought forward ill support of this contention is the fact that the 
needles sometimes bear as many as three stnall scnle-lifie leayes in their 
basal region—a fact which seems to haye b,een hitherto overlooked. But 
though the cladode theory is accepted, it is held that there is no conclusive 
evidence for the view that the needles represent sterilized pedicels, rather 
than.vegetative shoots, ' 

V; , Balfour: ' Laboratory,, „ 

' ^ '/'Cambridge. 
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The Root-tubercles in Arbutus Unedo, 


BY 


M. F. RIVETT. 

With fourteen Figures in the Text. 

I N 1917 a paper appeared entitled 'The Endotrophic Mycorrhiza of the 
Ericaceae’, by Jean Dufrenoy (2). It deals mainly with Arbuttis Unedo 
and its endophyte, the material being obtained from plants growing wild in 
certain districts of the south-western region of France. The general re¬ 
lationship between host and endophyte is briefly indicated; the existence 
of root tubercles is noted and some description of their growth put 
forward, but the chief points of interest in regard to these organs are 
omitted. I have therefore endeavoured, at the suggestion of Dr. Rayner, 
to add to those of Dufrenoy further observations on this plant and its 
endophyte, using as material plants growing in pots in a compost of 
loam, sand, and peat. These were raised as seedlings by nurserymen, 
some in England and some in Irelandj and varied in age from one to five 
or six years. 

The Main Roots of the Plctjit arid their Relation to the Endophyte. 

Dufrenoy states that the roots of Arhntus Unedo are clothed with 
a dense mantle of hyphae. This is not always to be observed in my 
material. The older roots shed their epidermal covering, and develop 
a corky bark which is hot conspicuously invaded by hyphae. Also in 
many of the young roots, white in colour and without a corky covering, 
the surface may be comparatively clean. Frequently, however, there is 
a limited growth of hyphae on the younger long roots, both of the 
endophyte and of numerous epiphytic soil fungi, such as .'Alternaria. 
The latter may be found fruiting abundantly on the surface of young 
roots. In either case (whether an outer investment or apparent ectotroph 
is present or not) all the roots examined in detail show the existence of 
a mycorrhizal fungus, varying in its extent and development. This can 
easily be. observed'a month-or so after' fresh'root-growth begins.’ , 'The- 
newly-formed'' roots -of plants potted -in Febimary begin'to'/breakThrough': 
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the soil as they reach a length of four or five cm. during May and 
June. If examined in lactic phenol after staining with cotton-blue in 
lactic acid, botli these roots and their small secondary branches show a 
limited growth of the endophyte. In the majority of such roots the 
liypliae arc closely applied to the outer surfacCj growing as long strands 
and loose irregular coils, very rarely forming close knots or densely 
interwoven branches. Many of the long strands run in the longitudinal 
walls of the epidermal tissue, others straggle around the root in loose 
uneven spirals. They are sparingly branched, and what branches they 

have are long and spreading. The 
diameter of the hyphae is 4-8 fx; the 
outer walls are thick and stout and 
stain with Sudan III ; there are 
numerous cross-walls, also fairly thick ; 
the segments are multinucleate and 
show a granular, protoplasmic con¬ 
tent. 

In a small minority of roots the 
fungus is more profusely developed. 
Beyond the closely applied hyphae 
there are nnany more which grow away 
from the surface and branch more 
freely. They are not sufficiently dense 
to form a covering visible to the naked 
eye, but, when stained with cotton 
blue, show up as a loose collection of 
entangling threads. These hyphae 
me narrower, and have thinner walls 
than those which are closely applied 
to the surface. Moreover, the roots 
with which they are associated are 
rather attenuated and mucilaginous, contrasting in appearance with the 
thicker, mote vigorous roots on which the growth of the fungus is limited 
to closely applied hyphae. The obvious conclusion is that these roots 
ate,abnormal and are parasitized by the fungus^ instead of maintaining 
a resistance against its growths 

Returning to the normal, tesistant roots we find that branches from 
the exterior may pass through the outer wall into the cavity of the epidermal 
cells, though not in every case. This wall may be either of cellulose or 
■suberized it is': difficult to determine whether the fungus obtains''an entrance^ 
ill, the young,', state,;of the'; epiderm.is, before''suberizatioH occurs, or , enters 
afterwards" in 'spte, bf i'he''suberizati.on; probably the former is more common., 
Tn'the cavities', of^''the outermost'cells there are short hyphal branches^ 




Fig. I. Young mycelium on surface of 
main root: branches just entcfing the cells. 
n,-} nucleus. 
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resembling haustoria ; they may give ofif two or three further branches with 
blunt tipSj or a more abundant series of finer threads, spreading throughout 
the cavity. In either case, branches are frequently to be found in intimate 
association with the nucleus of the cell (Fig. i), A general inspection 
of the superficial layer as a whole does not give the impression that it 
is abundantly invaded by the^ endophyte, though probably the majority 
of the cells show traces of hyphae. Within the epidermis is the suberized 
layer with comparatively thick wails; hyphal branches run in between the 
cells of this layer, but only here and there, traces being difficult to find; 
they rarely enter the cavities of the cells. In the deeper-seated layers of the 
cortex, the hyphae are considerably attenuated and still more difficult to find, 
though they can occasionally be seen running in between the longitudinal 
walls and still more rarely entering the cells. Up to the present I have not 
been able to detect any traces within the endodermis, though hyphae may 
be present in a still more attenuated form. 

From this short description it is apparent that the intracellular de¬ 
velopment of the endophyte in the main roots is slight, and this will 
become more obvious when it is compared with the intracellular develop¬ 
ment in the more specialized root-tubercles. It is here, in the normal main 
roots, a weakly growing parasite, easily kept in check by the host without 
evident disturbance in its metabolism or reaction in its tissues. In its 
superficial appearance, i. e. in its method of growth in strands and coils, 
it bears some resemblance to the typical mycorrhiza of other members 
of the Ericaceae- 

The Morphology and Growth of the young Tubercles, 

Five or six months after the earliest renewed root-growth, in late 
February or March, the first young laterals begin to break through the 
parent cortex, frequently encased in a sheath of transparent mucilage. 
M. Dufrenoy states that the mucilage is brought about adventitiously by 
external bacteria and algae, but its presence on comparatively clean roots 
is inconsistent with this view, and there Is some evidence that it is a natural 
feature of the root system, and particularly associated with lateral root- 
development both in Arbutus and in other members of the Ericaceae. 
The extent to which the mucilage is produced varies from time to time. 
It seems always to be present as a very thin film over the surface of the 
main roots, and this is pushed out and distended as the incipient rootlets 
emerge. In some laterals it becomes conspicuous as a sheath, in others it 
can hardly be detected, but throughout the growth of many roots it is to be 
found around thC' growing-point.,,. It, has been suggested that'when;the' 
' mucilage becomes conspicuous rather in' the' nature' of a patholGgical' 
'" reaction, due to lack 'of moisture’'in the soil. Mucilage is . known ,to'''act'as 

X'X ' 
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an agent retentive of water, and it may be that the young roots are pro¬ 
tected in this way against drought. The suggestion receives some confirma¬ 
tion from the state of the roots in potted 
plants kept fairly dry. The mucilage blackens 
slowly with osmic acid, but does not stain with 
Scharlach red or Sudan III; it stains with 
eosin, methylene blue, and , Bismarck brown; 
its character is probably mainly pectic and 
partly oily. 

Normal growth is'usual in the first-formed 
laterals, but many of those arising successively 
may have their growth partially checked or 
arrested by a 'more intimate and profuse de¬ 
velopment of the endophyte. On a great 
number of the emerging rootlets the fungal 
liyphae begin to grow with exceeding vigour, 
forming a dense outer covering of hyphae six 
or seven layers thick, and soon penetrate into 
the interior, where they react with the host 
tiwssues, with the result that very shortly after 
its emergence from the parent cortex a rootlet 
so infected is converted into a rounded or pear- 
shaped tubercle, swollen at its distal end. Such 
young tubercles are shown in Figs, and 3. 
They can be recognized by their white colour 
and peculiar shape when only 0*2 mm. in length, 
but they may grow without branching up to 
■4 mm. or more. On the other hand; lateral roots may grow normally, 
up to '2 cm. or more in length, when their growth may be arrested and their 
tips develop into tube.rcles. 



Fig. 2. Branched and nnbranched 
tubercles. 
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The Endophyte in the Yoimg Tubeixles. 

The abundant liyphae forming the outer investment of the tubercles 
are very characteristic; they are large in diameter (5-10fx) and are made 
lip of short segments with thick transverse walls; the outer walls stain with 
Sudan III; they have abundant protoplasmic contents and more than one 
iiiicleiis to each segment. These hyphae do not grow in straight threads 
or in loose spirals as do those on the long roots, but form a very great 
number of short branches and curved, looped segments, which interweave 
with one another to form a close investment in which no continuous hypha 
is visible, and which has the appearance of a pseudo-tissue of irregular 
cells with clear or granular cavities and rather thick walls. The method 
of growth of the hyphae somewhat resembles the process of budding. Short, 
almost spherical branches appear at first, and just after these have begun 
to elongate, they branch again and so on. The investment formed in this 
way may have a thickness of six or seven layers of hyphae. Between them 
is the mucilage derived from the surface of the root. To this gritty soil 
particles adhere, and the whole forms a coating difficult of penetration 
by xylene and paraffin, and extremely difficult to section by means of 
a microtome. 

The formation of this outer investment and the establishment of an 
ectotropliic condition is interesting in the light of statements made by 
previous writers in regard to the mycorrhiza of the Ericaceae. Gallaud 
remarked that he did not study the mycorrhiza in this family because 
a first inspection led him to think that the form was ectotrophic—a rather 
surprising view, in the light of what we have more recently learnt about 
Calhma. However, it may be that he did not examine Callima^ but only 
arboreal forms such as Arbutus^ in which the mistake would be pardonable. 
At the same time, it is to be noted that the distinction between ectotrophic 
and enclotrophic forms can now only be regarded as rough and arbitrary, 
and Arbutus^ as will be seen, affords a good example of the transition 
between the, two. 

It is undoubtedly the successful early establishment of the ectotrophic 
condition that determines the future tuberization of the emerging rootlet 
and prevents the continuance of normal root-growth. In examining young 
laterals as .they emerge from the cortex, we can see that some have only 
a few hyphae applied to their surface, and that these are of the straight, 
long-growing variety found on the parent roots ; such laterals will continue 
their,growth.In others the,hyphae,are abundant,'and the investment,can, 
be, seen beginning to-develop owing to the continuoiis formation, of short 
branches,;which';'', such laterals will develop into ■ tubercles.' It' 

was .suggested, by ''M. ' Dufrenoy that infection of the tubercles, topic,,; place; 
from the soil, but after'examining a great number" of. roots withTncipient 
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laterals^ I have concluded that many of the tubercles are infected from 
the main root. Even the pushing out of the cortical cells and the extra 
formation of mucilage seem to stimulate the hyphae in the vicinity, and if 
they are present in quantity they surround the point of emergence of the 
rootlet and begin to weave their mat-like growth. 

Another curious feature of the external investment in a number of the 
young tubercles is the development of some of the hyphae into prolonged 
•setae, reaching o«i mm, in length (see Fig. 3). They arise as outgrowths 
from the outermost- hyphae of the superficial layer and grow at right angles 
to the surface of the tubercle. They have thick external walls at the base, 



and well-marked transverse walls, and are comparatively rigid. They taper 
towards the apex, and thus have the appearance of radiating spines. They 
are similar to the setae in figures illustrating the parasitic ' fungus Colleto-- 
.irickmn. It is comparatively difficult to trace the junction, of the setae with 
the closely applied hyphae of the investment, and' I was only successful 
oa two .or" three occasions.. I have shown this junction in. Fig. 4, and 
regard the fact as established. For some time I had regarded these setae 
as" root-hairs, emerging Troiii the host tissue of the tubercle, having "been" 
influenced'' by 'M.'Dufrenoy’s .statement that' ‘ nearly all the epidermal cells 
of the ■tubercle develop . into root-hairs’. :As a matter of fact, nearly the ■ 
opposite' is true, 'and none of' the cells develop into root-hairs,''.these, 
'.organs' being' .absent 'm Arbtiius and;' in other' genera, of; the'' Ericaoeae,; 

be,''thatThe setae function'.as abso.rbiog' organs' for' ■the' "fti'n.giis, 'and',' 
provide the superficial investment with''Soil',, moisture', but it is .not improbable. 
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that they are characteristic morphological features, which could be recognized 
as such in pure culture. The setae are only found on very young tubercles, 
and not always on those, but when found, they are striking in appearance. 
Their resemblance to root-hairs is superficial, the pointed tip and thick basal 
wall being the distinguishing characteristic. 

It is possible that the mechanical pressure of the close investment of 
hyphae may have some preliminary influence on the growth of the tubercle, 
but its formation is very rapidly followed by the penetration of hyphae into 
the epidermal cells, which at once produces change of habit. The early 



Fig. 5. Transverse section of a young tubercle. 


stages of infection have been gathered from various separate observations, 
which may be pieced together as follows: in many cases numerous hyphae 
penetrate the thin walls of the epidermis immediately behind the growing- 
point, before the cells have reached maturity. Each infecting liypha grows 
into the cavity of the cell and begins to coil and branch, but it cannot 
be observed as a distinct thread, because the host cells immediately react 
and cause the threads to ‘ clump ’ and coalesce, to lose their distinct outline, 
and' to'" become very quickly converted into a darkly staining" body which 
occupies; the' middle of the cavity of the cell and adheres to the' nucleus. 
This; is, undoubtedly, the almost completely digested mass of the contents ,of ,, 
the' hyphae.' A' similar reaction’is, described by. Noel Bernard in'his'work" 
on. the "orchids'in..;the words ;:,. pelotoii entier est diger^ .' par la cellule 

liote et se reduit'aTine masse de. ddgdndrescence amorphe.^ ' .The rapidity 
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and completeness of the reaction in these cells of Arbutus may be ascribed 
to their youthful condition. At the same time the disturbance to metabolism 
involved in the process of digestion inhibits the normal activity of the 
growing-point and causes an enlargement in the infected cells. In other 
wordSj it is the physiological phenomenon of intracelliiiar digestion which 
produces the morphological effect of tuberization. 

It is not ill every tubercle that infection takes place so close behind the 
growing-pointj though such is frequent enough. Young tubercles can be 

observed in which there is no digested 
mass in these cells, because the first in¬ 
fection has taken place a little lower 
down. There is a difference in the form 
of the tubercle corresponding with this 
difference in infection ; those more api- 
cally infected have a thicker head than 
the others. 

Cell-division continues to take place 
slowly in the growing-point, accompanied 
by infection of the young cells; at the 
same time the first infected cells increase 
abnormally in size as they pass over into 
permanent tissue. Here intracellular 
digestion and absorption may proceed so 
rapidly that they are entirely emptied 
of fungal contents, and the cells appear 
normal except for their large size and 
the condition of the nucleus. This is 
of great dimensions, very granular, fre¬ 
quently distorted in shape. The mem¬ 
brane is inconspicuous or invisible owing 
to a closely applied coating of cytoplasm, 
and adhering to this are wisps and frag¬ 
ments of digested material, which can, in.few rare cases, be connected with 
unaltered or partially altered pieces of hyphae .situated in the peripheral part 
of the celL / .No , immunity is conferred on the cell by the process of digestion, 
and reinfection may take place either before it is complete, or very soon 
afterwards.' "Reinfection takes place by the inward growth of, one, or 
m'ore of the , thick-walled hyphae forming the superficial investment. " These 
often penetrate along the' radial walls of the epidermal-like layer, apparently 
dissolving' the middle lamella ■' a'nd pFessing ■; the ■ cellulose layers '. apart. 
Fro.m,'this," position,, ,,the tip of .the ■’hypha; .passes through the "cellulose.; 
layer .into" the ...cavity.;^ where .'it.coils.';' and. ..branches' irregularly.,' , 'I.t',reot,ain,s." 
unattacked: .long' enough .for'.its' .form.'-.of intracellular growth . to ba^ ...studied..". 



Fig. 6 . Longitudinal section of a young 
tubercle : ru\, root-cap ; meristem ; 
a,, fi.rst infected cells (enlarged in Fig. 7, a ); 
d., cell with contents completely digested 
and large granular nucleus; reinfected 
cells; F., external hyphae; .r., suberized 
layer. 
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For the purposes of comparison it may be worth while briefly to recall 
the intracellular mycelium described by previous writers, Bernard ^ in his 
work on the orchids, describes coils or balls formed by an apparently con- 
tinous liypha; this is not much tangled or knotted, but wound round and 
round in a loose ball; there is little or no branching, but a continuous 
coiling growth. Such formations are described as ‘ pelotons and occur 
both in pure culture and in association with the host plant. Gallaud 
describes a rather different formation occurring in Arum maculatum and 
a number of other species. Here a stout trunk hyplia enters the cell and 



Fig. 7. First stages of infection: z?/., meristem; r.r,, root-cap cells; F,, external fungal 
liyphae; a.^ first infected cells with * corps de d%enerescence ’ (cells marked in Fig. 6 more highly 
magnified); cell emptied of digested contents; root-cap cells. 


branches considerably, forming series of twig-like growths of contmually 
decreasing diameter: the whole may be complex and extensive, filling the 
cell with these, twig-like branches, which more evidently resemble, haustoria 
than does the * peloton ’ of Bernard. ■ Gallaud uses the word ' arbuscule' to 
signify this type of' intracellular mycelium. 

, In Arbuitis 1 have seen, no such regular coils as the ‘pelotons’ of 
Bernard, nor anything approximating closely to the twiggy ‘ arbuscules of 
Gallaud* V Rather,. the„hypha forms a loose and irregular tangle, somewhat 
sparingly branched,: owing to the large size of the host cell, it cannot,be 
obtained."complete in a^single section suitable for study under a high power, 
of the ,microscope.,, ■ I would; say that in so far as the loose growth; of the 
tangled, hypha^ does not suggest a haustorium, it resembies''a,,;p€lotoh 
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than an arbusciile ^ though sometimes a stout trunk-like hypha just within 
the cell-w^all suggests the base of an ' arbuscule h However, I think that 
the biological significance of these varied forms of intracellular mycelium is 
very much the samcj the morphological differences being due to the specific 



Fig. 8 . Semi-digested mass of hyphae resembling ' sporangioles 



.9* Reinfected cell., f./ external hyphae; f.A., Fig» 10. . Reinfected cells.' F., 'external 

intercellular'bypha penetrating into cortex; n., nuclei fungal hyphae. 

.of uninfected cells* , 


'nature"'of the fungus and the host, rather than to any physiological differ- 
.ence" in," their .methods' ■ of reaction : ■ and In this' view the multiplication ■ of 
names, to' express differences in form, becomes unimportant. ' 

Branches.'"'from the tangle^ may. pass' out on the inner, side of the^wall' 
and,'grow'between the walls of'the.'cells, of the underlying'.'S'Uherized', .''layer,' 
dissolving the middle lamella as they go. I have'Hot;'observed'hyphae, m 
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the cavities of these cells, but they may reappear very occasionally in the 
cavities of the more deeply situated cortical cells, though here they never 
develop in any profusion. 

Digestion continues to take place after reinfection, though not follow¬ 
ing so quickly as in the more apical cells. The appearance of the partially 
digested hyphae varies from cell to cell. In some the infecting hypha from 
without the cell can be seen passing through the wall and into the cavity as 
a trunk or stalk, devoid of contents; it terminates in a tangle of coiled 
hyphal remains, rather coalesced, granular, embedded in a kind of mucilage 
which stains deeply and blurs the outlines. This rather resembles the 



^ sporangiole ‘ of Gallaud, although he applies the term to the mass resulting 
from an ' arbuscule but it is the same kind of semi-digested mass, formed 
from the membranous walls of the endophyte, not assimilated by the host 
cell, dead, inert, without a further role. (See Fig. 8.) 

In other cells the coiled and branched hypha can be seen more clearly: 
towards the outer limit of the cell the walls of the hypha are well defined, 
but the cavity is clear, entirely depleted of protoplasmic contents; in the 
midst of the cell the branches are more ‘ clumped ’ and the walls are' partly 
;broken',down, while abutting on the'nucleus there are granular muGilagmous 
masses of completely disintegrated:hyphae (Figs. 9,10). 

In all these cells.the nucleus is of large dimensions and often of irregular 
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form, pear-shaped or amoeboid in outline (Figs. 9, lo, 11). The nucleolus 
is large and conspicuous. Occasionally there are two nuclei in the same 
ceil, closely apposed. Such digestive nuclei may be from 10 to 14 p in 
diameter, while in the uninfected cells they are from 7 to 9 /x. Similar 
nuclear phenomena have been described by other workers. Gallaud reports 
the multiplication of nuclei in the host cells containing ‘ sporangioies .and 
Bernard describes and figures in Phalaenopsis and other orchids enlarged 
and deformed nuclei^ which he regards as phagocytes, predestined for this 
function. 

In some tubercles, where digestion is proceeding actively, the fungus is 
very abundant on the exterior, forming not only the closely applied, dense 
superficial investment, but producing also long branches of straggling, 
branched hyphae, of narrow cross-section and with a thinner external mem¬ 
brane ; they have numerous cross-walls and may bear simple solitary 
conidia. It may be that in this condition the fungus is extracting material 
from the interior cells, and that it also makes use of the mucilage which is abun¬ 
dant on such heavily infected tubercles. On the other hand, it may be that 
on these tubercles there is present another fungus besides the endophyte. 

It is noteworthy that the tissues of the young tubercles are very 
mucilaginous as compared with those of the main root; both the walls and 
the cell contents appear shrunken and distorted, even after careful treatment 
with dehydrating agents. It is thus impossible to prepare permanent 
sections in Canada balsam which look at all natural. This is particularly 
true of those mucilaginous and highly infected tubercles just referred to. 

The young tubercle continues to some extent to develop as a root, in 
so far as it acquires a vascular system of prosenchyma, wood vessels, and 
sieve-tubes, which connect with the conducting tissue of the main root. An 
endodermal layer surrounds the system: it has suberized walls which do not 
turn blue with sulphuric acid and iodine and which stain with Sudan III. 

The endophyte during this development is still mainly limited to the 
peripheral cells, but a few inward-growing hyphae pass between the cells ot 
the suberized layer of the cortex and can be distinguished here and there in 
the intercellular spaces and occasionally in the cavities of the deeper seated 
.cells with cellulose, walls. Digestion here"is■ not so active as in the peri¬ 
pheral cells. The hyphae grow as far as the sheath surrounding the vascu¬ 
lar ' system and here produce more intracellular branches: they,are,not, 
abundant or, conspicuous, but become-partially digested and'form small, 
deeply staining'masses within the cells. 

, , The relation between host-and endophyte is depicted in Figs. 

' Tfte Reaction of the Endophyte aftd the Host to Stains and Reagents*' '■ 

, ■' /The, reaction of the .endophyte- and the; host result:S,'„:'m a^d.eposition.'of 
- ,irnat,erials"' which:„can be detected by various stains and reagents.,.,' If t.ubercles 
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are fixed' in weak Flemming's solution and sectioned longitudinally^ there Is 
seen considerable reduction of the osmic acid by the tissues on a very 
definite plan (see Fig. 12). The peripheral layer of cell containing the 
partially digested fungus is blackened, and the internal contents of entire 
iiyphae are also stained., The cells of the.root-cap,' forming a layer three or 
four cells deep, are filled with a material which is yellowish and highly 
refractive in the natural state and stains intensely black with the osmic acid. 
The endodermal sheath enclosing the vascular cylinder and the jimction 
with the parent root are also deeply stained. 

This stainable material which reduces osmic acid stains only faintly 
with Scharlach red and does not 
show the characteristic bright glo¬ 
bules which this stain usually forms 
in the presence of oil. Nor does it 
react with Sudan III, except after 
prolonged warming with the stain in 
glycerine and alcohol, and then it is 
tinged red without the formation of 
bright globules. 

Materials fixed for half an hour 
in Carnoy's solution, sectioned longi¬ 
tudinally and osmicated, shows the 
same blackening as that fixed in Flem¬ 
ming. Thus the stainable material is 
not readily removed by chloroform. 

Material passed through xylol and 
embedded in wax cuts exceedingly 
badly and provides torn sections, 
which still, however, blacken with 
osmic, showing that the material is 
not removed by xylol. When treated 

with a concentrated solution of Nile blue boiled with sulphuric acid, sections 
take up the stain instantaneously and are coloured deep blue; if treated 
with a weak solution of the same reagent, the regions staining with osmic 
acid show a reddish-brown coloration, faint in the peripheral cells but deeper 
around the growing-point and around the vascular system. Treated with 
ferric chloride, the same regions turn blackish-brown. 

These microchemical observations afford little clue as to the nature of 
the material which accumulates in the infected cells, the endodermis, and the 
root-cap. It therefore seems bettei*, rather than to propose suggestions 
based only on^ staining' reactions, to postpone the consideration' of" their' 

'' chemical nature' until' more material is available for experimental work. In 
passing, it -is of interest to note that stainable contents, probably of nutritive ' . 



Fig. 12. 
material, 
tubercle. 


To show distribution of stainable 
Longitudinal section of young 





674 Miveit.~Tke Root-tubercles tn Arbutus Unedo. 

vakie^ accumulate in the peripheral cells and in the eiidodermis of the 
tubercleSj and that the supply of food to the growing-point may approach 
from a different angle from that in normal roots. 

The ftifther Grozvih of the Tubercles and their Morphology zvhen Mature^ 

The young tubercles have at first one growing-point—the apical 
meristem of the lateral rootlet. It is only in rare cases that this ceases to 
function and becomes infected by the endophyte;, but if it does occur^ the 
tubercle remains as a simple club-shaped protuberance from the main root. 
More frequently the growing-point retains its activity and the tubercle 
increases in length, though the growth is very slow compared with that of 
a normal root. Sooner or later the growing-point divides and gives rise to 
two branches, exogenous and apparently dichotomous. The exogenous 
origin may be related to the peripheral food-supply consequent on the 
digestion of the fungus and may indicate a real absorption by the host from 
the endophyte. If so, it proves rather an interesting corollary to Professor 
Priestley’s recent work on the function of the endodermis. He points out 
that the norma! endogenous origin of roots is due to the early formation of 
an endodermis which prevents any passage of material from the stele to the 
cortex. In Arbutus we have the possibility of exogenous branching owing 
to the presence of a peripheral fungus. 

. The branches of the tubercle may grow to or 3 mm. in length, or 
may themselves branch in the same way, and so on till the end of the 
growing season early in November, Thus by the end of the year the long 
roots bear numerous groups of extensively branched tubercles, most of the 
branches lying in the same plane and forming a characteristic, small, flat 
mass (see Fig- 13). Nearly all the branches develop conducting systems 
which connect together and with that of the parent root. The whole 
becomes dark brown in colour and firmer in texture. The outer liyphae 
shrink, the mucilaginous envelope dries, and the tissues have less tendency 
to contract during dehydration. 

The Endophyte m the Old Tubercles* 

Infection by the fungus keeps pace with the production of new cells by 
the, ■ growing-point, and digestion and .reinfection proceed■ succes,sively5,' 
Thus the peripheral'cells, except , af the growing-points, are to be found,' 
filled with partially digested hyphae. In many of the branches formed late 
in the ■■ seaso.n The hyphae'' penetrate more deeply into 'the': cortical cells, 
which' take, ..'on the same' appearance as those at'the'periphery., 'More, 
■rarely .'the 'growing-point' ceases to function .'and the .whole tissue'' of .a branch' 
becomes infected, without any formation of vascular tissue. Digestion pro- 
::q^^ds',,'all^,'the Time;';:that'.:.'the'.''tube are .growing, and■ evenin''the■ winter," 
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when the vitality of the host is at its lowest, it is difficult to find clearly 
defined hyphae, though here and there a cell may be picked out in which 
the hyphal walls are clearly defined (see Fig. 14), In the great majority of 
cells the cavities are filled with a granular mass of deeply staining material, 
in the midst of which persists a large nucleus. The endodermal sheath 



Fig. 13. Old branched tubercle. Fig. 14. Infected cells from old 

tubercle fixed in late winter. 


becomes densely filled with a mixture of fats and fatty acids, and also with 
crystals and grains of more solid matter: the conducting tissue itself also 
becomes blocked with materials which stain deeply with eosin, safranin, 
gentian violet, haematox}don, and other reagents. The tubercles persist in 
this condition thi'oughout the winter and the early spring. During the next 
growing season many of them are cast off, when the periderm is formed and 
cork cells are exfoliated. 

Discussion. 

There are several points for discussion arising out of this consideration 
of the rooMuherclos of Arbu/us Unede. 

Following the order taken in the main body of the paper, the first 
point which arises is in connexion with the different form of growth in those 
hyphae on the roots and in those on the young laterals about to be con¬ 
verted into tubercles. What causes the long straggling growth in the one, 
and the short interweaving branches in the other? The former is the more 
natural method of growth for fungi on a homogeneous, dilute, nutritive 
medium, the latter more associated with symbiosis and parasitism. But 
though this is true about fungi in general, we do not yet know the specific 
fungus which.invades Arhms^ and- it-will be necessary to .see if-this', general' 
'Statement holdS' good when it-is grown, if that is possible, In-pure: culture.' 
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At this stage I am inclined to say that the growth of the fungus on certain 
emerging laterals is influenced by the greater production of mucilage and 
by the' excretions from the ruptured cells of the parent root, but this 
influence only takes effect if there are vigorously growing liyphae in the 
immediate neighbourhood. The characteristics of the fungus in this 
medium (the inabilit}^ of the branches to lengthen, their tendency to broaden 
and branch, and their close apposition to the host surface) all tend to 
localize the fungus with regard to the host, and this localization seems to 
be the first factor in a series of reactions which has led to the regulariza¬ 
tion of the growth of the invader and to the conferring of some degree 
of immunity (as compared with the tubercle) on the main roots. It 
seems to me that this interweaving form of growth in the Arbtitus 
fungus is directly comparable to the ' pelotonnement ’ of the Rhizoctonias, 
of which Bernard says, ‘ La clef du probleme de Fimmunite dans la S3^mbiose 
doit etre dans la decouverte des conditions qui determinent la formation 
des pelotons .myceliens It will be remembered that Bernard suggests 
a comparison of this phenomenon with that of agglutination in the bacteria. 

The problem of the mechanism of the entrance of the endophyte into 
the cavity of the host-cells cannot be completely solved until the fungus is 
isolated and its enzymes determined. It appears certain that the hyphae con¬ 
tain an enzyme which dissolves cellulose and another which dissolves the 
middle lamella, but less certain that they are able to react on suberized 
walls. The frequent occurrence of infecting hyphae between the radial walls 
of the lightly suberized epidermal layer and their passage from thence into 
the cavity, the absence or delay of infection of the sub-epidermal suberized 
layer, suggest that the hyphae have some difficulty in piercing these walls. 

A point of importance which can here only be touched upon, and 
which awaits experimental work for its solution, is the exchange of 
nutritive materials betv/een the endophyte and the host; on this partly 
rests the decision for symbiosis or parasitism (in so far as the relationship 
can be determined by this consideration of a limited part of the life-history). 
There is no doubt that the fungus benefits by the mucilage found on the 
surface of the tubercle. The concentration or constitution of this medium 
alters the form of its growth, and it is a vigorous and rampant form when 
.compared with that of the hyphae on. the main roots. \ Moreover, the pro¬ 
duction of the setae seems to indicate that it is at this stage that the fungus 
reaches the climax of its morphological development. As an ectotroph it 
is: undoubtedly- successful. ; On the other hand, as an endotroph ' it 
encounters vigorous resistance'on the partof the'host cells: in the tubercle.'. 
'There is' "never.,:an abundant' growth. of intracellular'' hyphae, -only ,a' '.few' 
■threads are t'o;: be', distinguished, entire.'and the' rest in a' more or less digested, 
',Gondition;;''',''In,;'the:';pi'rc'iimstan 'see in what way the 

.endophyte can gain food at the expense of the host. It seems more, prob- 
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able that the host cells gain something from the digestion of the endophyte, 
for the occurrence of exogenous branching in the presence of an endodermis 
indicates a supply of available food material in the peripheral regions^ and 
this could only be supplied through the fungus or its digested remains* 
But even so, growth is very slow when compared with that of a normal root, 
and it would appear that the disturbance to the metabolism is greater than 
the nutritive gain. Moreover, the tubercles are impermanent as compared 
with lateral roots, and in many cases are shed after a years growth, so that 
the main body of the plant gains nothing, unless, indeed, there is nitrogen 
fixation, and the discarded tubercles enrich the soli as do the similar struc¬ 
tures in the Leguminosae, 

It is not possible completely to state the relation between host and 
endophyte from the observational data described above, but in so far as it 
is revealed in the form and growth of the tubercles, I would describe the 
relationship not as symbiosis, if that implies the conferring of a permanent, 
mutual benefit, but rather as a state of balanced parasitism, in which, if there 
is any profit to either partner, it is alternating and impermanent. 

Summary. 

1. The root-tubercles oi Arhitus U 7 tedo are shown to be the arrested 
secondary and successive laterals of the season’s growth. 

2. The arrest of growth is due to the invasion of a fungus, first as 
a rampant ectotroph and subsequently as an endotroph in the peripheral 
cells.. 

3. The invasion of the fungus is limited by the digestive action of the 
host-cells of the tubercle, which may be regarded as phagocytes, in the same 
sense as that in which Bernard applied this term to certain of the root-cells 
in the orchids. 

4. As far as can be gathered from observational data, the interchange 
of food materials between host and endophyte is very slight and does not 
afford permanent mutual benefit. 

'5; The relationship is regarded as one of balanced parasitism, and the 
action of the tubercles is effective in conferring a degree of immunity on the 
foot system as a whole. 

In conclusion, I wish to offer my thanks to Dr. Rayner, both for the 
suggestion of this problem and for valuable advice and comment. 

Bedford College. 
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With twenty Figures in the Text. 

I N 19T0 I gathered a Campbellia (Orobanchaceae) at Hakgala, Ceylon, at 
an elevation of 6,000 ft. It was parasitic on Strobilanthes^ and in places 
it literally carpeted the ground. The Strobilantkes was then in flower. No 
identification of the Campbellia could be obtained. 

Towards the end of 192a the Strobilantkes on this area flowered again, 
and on visiting the spot in February 1923 the Campbellia was again 
collected. It was not as abundant as on the previous occasion, though very 
many groups of it were seen. Unfortunately the flowering season was 
nearly over, and only a few flowers were obtained. On a later visit, in 
September, both the Strobilantkes and the parasite were found to be dead. 

The species of Strobilanthes on this particular area are S', sexemiis, 
Nees, and S^ piilc/zerrinms^ And. The Campbellia was found only on the 
former. This is the largest species of the Strobilanthes oi Ceylon, a small 
tree, io-12 ft high, with a stem about 4 in. in diameter. It was named 
sexennis because it was supposed to bloom once in six years, but it lias 
been known for a long time that that estimate was incorrect. The area in 
question is traversed by the path from the Hakgala Botanic Garden to the 
top of the peak, and the condition of the St^'obilantkes has been noted from 
time to time since 1910. It is quite certain that it did not flower between 
1910 and 1922-3. The period between successive flowerings of 5 . sexennis 
at Hakgala was consequently twelve years in this instance. After flowering, 
the plants die. , - 

It would have been of interest to have had continuous observations on 
the occurrence of the Campbellia duidng the period 1910-22, but such could 
only have been made by a resident in.the district. There would appear to 
be some probability that. these root parasites of'only come' 
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into flower when the Strobilanihes flowers and dies. On the other hand, 
the fact that this particular species has not been observed at other times 
might possibly be attributed to the lack of any inducement to the average 
botanist to push his way through the dense masses which the larger 
Strohilanthes form when they are in full foliage. It is only when they 
begin to flower, and the foliage is partly cast off, that one can see a way 
through the trees, and only when the plants are. dead and their decaying 
stems can be pushed aside that one can penetrate between them without 
cutting a path. In the present case, however, a path runs through this 
Strobilanthes area, and if the parasite flowered regularly it would be 
expected that some of the numerous visitors to the top of the rock would 
have observed it The path is only^ a narrow one, and well shaded. Any 
possible greater exposure to light along the sides of the path cannot have 
affected the distribution of the parasite, as it grows quite well there at the 
time the Strobilanthes flowers. 

If the foregoing supposition is correct, the opportunity of finding in 
flower one of these Orobanchaceae which is parasitic on Strobilanthes 
comes only when the Strobilanthes flowers and dies. And if the parasitism 
of the Campbellia or Christisonia is limited to one species of Strobilanthes 
(as it is in this case as regards 6'. sexennis and S. ptilchei'rimus) the chance 
becomes very rare. In the case of 5 . sexennis^ the parasite would be in 
flower only once in twelve years in any one station. Different areas of 
5 . sexennis^ however, do not all flower and die in the same year. At 
Hakgala there are at least two areas of .S. sexennis which flower and die at 
different times. One of these flowered in 1905-6, and again in 1917-18. 

Strobilanthes sexennis also flowered on Pedrotalagalla in i9aii”-3. In 
September of the latter year the Campbellia was found in this locality, but 
the plants, like the Strobilanthes, were completely dead. 

On examining the paintings of Orobanchaceae in the Peradeniya 
herbarium, it was found that there was one of this species. It shows a plant 
agreeing in all details with the recent collection, entirely pale yellowish 
white, or white with a yellow tinge within the corolla. This is dated 
August 1869. Further details, however, were added later, from plants 
collected on Pedrotalagalla in August 1884; and the whole was labelled 
e' Campbellia cyiinoides^ Wight. These later details do really belong to 
■Pmipbellia cyfimides figure of 1869 the anthers and calyx are 

quite different The specimens of August 1869 are included in the 
duplicates of C.P. Ckristisojzia albidaylri ' Herb. Peradeniya'. 

Our plant was subsequently cdllected by Trimen in 1881, and referred 
by him to Campbelha cytinoides. The herbarium sheet bears his inscription, 

. Hakgala; Hill, near, summit,, i88:i, bright yellowIt ,'may be'; notedAhat 
this is twelve years after the Thwaites’s collection, and fits in with the 
flowering of Strobilanthes sexennis m 1905-6, the area at the summit. 
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The stem is short and stout, projecting only about an inch above the 
soil. It bears a dense head of flowers, which are borne racemosely on short 
stout pedicels (Fig. j). The flowering stems arise close together, so that 
the heads form a compact flat cushion, often a foot or more in diameter, 
and scarcely elevated above the surrounding soil. As a rule, the whole 
plant—stems, bracts, calyces, and corollas—is yellow, but it may be so pale 
as to be almost white, or the corolla may be paler than the other parts. 

The bracts, which are scattered on the subterranean part of the stem 
but densely imbricated above, are broadly ovate or oblong, usually with an 



Figs. x-9. CampbelUa aurantiaca, i. Flowering shoot. Natural size. 2. Calyx and brac- 
teoles. Natural size. 3, Corolla, opened to show stamens and style. Natural size. 4. Inner stamen, 
viewed from the back. X4. 5. Outer stamen, from the back. X4. 6 , Open anther. X4. 7, Style, 
X3. 8. Abnormal stamen, X4, 9. Abnormal stamen. X4. Figs. 1-3 copied from the painting 

August 1869. 


obtuse apex. The pedicels are short, very stout, and bear two oval, boat¬ 
shaped, subacute bracteoles, which usually arise at the middle of the 
pedicel and extend over the base of the calyx (Fig. n). The bracts and 
bracteoles are sparsely covered with long hairs. The calyx is tubular, 
pointed , in bud, about a cm. high, obscurely five-angled, with five short 
triangular lobes, which, as a rule, soon become damaged, lacerated, and 
blackened; it is clothed with long viscid hairs at first, but may become 
more or less glabrous and scabrid. 

The corolla either does not greatly exceed the calyx in length, or it 
may , be one, and a' half times ,as long. It is tubular, with five,, short, 
rounded,,'incurved, lobes,'the lowest lobe smaller; than the.otherS'. 'They 
'flower-seldom, expands widely y as a'Tule, the lobes remain incurved 'and, ,th;e 
'flower .partly closed. The exterior is densely'covered'with long, lax, viscid 
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hairSj wliich are up to ico diameter at the base, closely septate, attenuated 
upwards to about 30 p., and terminating in a flattened-globose glandular 
head, 50-60 ja diameter. 

The stamens are didynamoiis, but the anthers all attain nearly the 
same level (Fig. 8). The filaments are flattened and adherent to the corolla 
for a considerable distance, the free parts being comparatively short. The 
two shorter filaments are usually glabrous, while the longer are papillose 
above, with short, cylindrical, rigid projections, loop high, Sop diameter, 
which increase in length downwards until at the base of the filament they 
become hairs 450 p long and 100 p diameter. 

The anthers are two-locular (one-celled in the older phraseology), 
oblong-oval, acute above. They dehisce down the middle, and open widely, 
the wall between the loculi remaining as an evident ridge down the centre 
(Fig, 6)« The anthers are quite separate; they do not cohere, as is 
generally the case in Christisonia. 

The shorter (inner) stamens bear a decuiwed pointed spur (Fig. 4), 
about as long as the anther, laterally. The longer stamens either have 
a similar but smaller spur, or they may bear merely a rounded, laterally 
flattened lobe without a basal point (Fig. 5). These spurs are prolongations 
of the connective, not barren, anther cells. Some variations of these are 
described below. 

The style is glabrous, curved above, with the stigma projecting forward 
horizontally or slightly decurved. The stigma is clavate or ovoid, entire, 
with a narrow line, subtranslucent in the fresh specimens, along either side 
and round the tip (Fig. 7). The ovary is two-celled, with axile placentatioii 
(Fig. 14), the placentas, two in each loculus, arising from and above the 
centre of the septum (Fig. 12). But the septum is perforated by a narrow^ 
vertical, median gap above the middle (see later description). 

The fruit is globose, about o*8 cm. diameter, crowned with the conical 
remains of the style. In the ripe fruit, the placentas occupy the greater 
part of the cavity and form four more or less kidney-shaped bodies, 
attached to the septum (Fig. 13). They bear seeds, &c., over the whole of 
their free; surfaces, i.e. both on the outer: surface and on the side next 
the' septum., ' 

When the thin wail of the fruit is scaled off, one finds a tessellated 
surface, either continuous, or interrupted here and there by groups of seeds 
(Fig. 10). The tessellated appearance is due to a series of bodies, usually 
turbinate in shape, with a short stalk and an expanded, flat, polygonal top, 
■but' sometimes simply, dumb-bell-shaped (Fig.';ii). These arise from the 
placentas,"'Between.; the ^seeds,, and the latter'are situated in "'the., cavities 
.'':;;'betw;een'th'em " Here and there, howevc'f,.these'bodies are absent, so, that' 
when the fruit wall is removed the endst of''the "seeds'-'a 
visible. These bodies are masses of parenchyma, and'do .not'.,.'Coiitain 
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-embryo; tlieir outer cell-walls are strongly tMckenecl, so that they appear 
reticulated like the normal seeds. 

These bodies do not appear to have been recorded , by the describers 
of species of Christisonia or Campbellia, In Bentham and Hooker s ^ Genera 
Plantarum \ however, it is stated, with regard to Camphellia^ that the seeds 
are very numerous, sometimes most or all ovoid or oblong-ovoid, with a lax, 
reticulated testa, sometimes some perfect, ovoid, with a striate testa, others 
abortive, usually longer than the perfect seeds, with a hyaline, reticulated, 
loose testa but without a nucleus. It is probable that the latter statement 
was based on an examination of the same species as that under con- 



Figs. 10, ir. Camphdlia ativantiaca, lo. The fruit, wall removed. X 5. 

II. A parenchymatous body. X15. 

sideration: the seed-coat appears striate under a*low magnification, but is 
really reticulated. 

Variations from the normal flower appear to be not uncommon. In 
one flower, which had a four-lobed corolla, the following abnormalities of 
the stamens occurred : On the one side the filaments of the longer and the 
shorter stamens were connate, and both papillose; they became free towards 
the apex, and both anthers w^ere spurred. On the other side the shorter 
stamen was represented by a short filament, with two spurs at the apex, 
one on either side, and a rudimentary anther cell on one spur (Fig. 9); 
while the longer stamen had a papillose filament, a normal anther, and 
a rudimentary anther cell on the spur (Fig. 8). Again, on examining 
Trimen*s specimens collected in 1881, one of the shorter stamens of the 
flower examined , was found ,to have an anther cell on the , spur, in addition'' 
to.the,Bo,rmaranther.„' ^ 

.. ' A large"aphid was found on andln'the flowers. ■' 

The particular features, or rather the combination of them," which 
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makes the classification of this plant a matter of doubt, are (i) the bilocular 
ovary, with axiie placentation; (a) the presence of parenchymatous bodies 
between the seeds : (3) the spurred stamens; (4) the longitudinal dehiscence 
of the anthers; (5) the simple stigma. On its bilocular ovary and simple 
stigma it is Campbellia (of Bentham); on the spurred stamens it is 
Ckrisfisema; on the mode of dehiscence of the anthers it is neither 
(according to the generic descriptions). 

In Christisonia the spur, according to the descriptions, is not an out¬ 
growth of the connective or filament, but one half of the anther which is 
always barren. That is true of CJu bicolor\ But Worsdell found that io 
Ch, stibacaulis the spur w^as an outgrowth of the connective, and an examina¬ 
tion of the specimens of that species in ‘ Herb. Peradeniya ’ confirms that. 

As regards the dehiscence of the anthers, the descriptions state that in 
both Christisonia and Campbellia the anthers open by a terminal pore« 
That is true of Campbellia cytinoides, Christisonia bicolor^ Ch. Thwaitesii^ 
and Ch tricolor. But, according to the figures and specimens of Clu snb^ 
acatdis in ‘Herb. Peradeniya', the dehiscence of the anthers in the latter 
species is longitudinal, and Wight's figure (PL 1423) shows the same. 

In considering the descriptions of the older botanists, it has to be 
remembered that they described an anther from its appearance after 
dehiscence, and hence regarded a normal quadrilocular anther as two-celled. 
The bilocular half anther which occurs in Campbellia and Christiso 7 iia was 
consequently one-ceiled in their phraseology. 

Wight instituted the genus Campbellia for the reception of two South 
Indian species of Orobanchaceae, Campbellia anrarttiaca^ Wight, and Camp¬ 
bellia cytimides^ (Reuter) Wight The generic charactei'S of chief impor¬ 
tance are: (i) stamens didyiiamous, anthers one-celled, opening by a pore 
at the apex; (2) style simple, stigma capitate ; (3) ovary spuriously two- 
celled at the base, one-celled at the apex, placentation parietal; (4) calyx 
bibracteolate. He considered that it was distinct from Christisonia on 
account of its bracteolate flowers and one-celled anthers. With regard to 
the latter point, Wight considered the anther of Christisonia iwo-celltdi 
counting both the functional half anther and the barren half which forms 
the spur in some species ol Christisonia. Gardner called the same anther 
one-celled, not counting the spur. 

■ Campbellia aurantiaca, Wight, had sessile stipulate flowers, with 
lanceolate bracteoles; a five-Iobed corolla scarcely exceeding the calyx, 
pubescent within ; stamens scarcely didynamoiis with pilose filaments; and 
a pilose style with astigma. Wight noted that,/As seen growing, 
this is a peculiar looking plant, the deep orange-coloured tops only appearing 
above the ground. This colour is derived from the bracts and calyx, the 
;,cotblia;being:paie;:,ye|low,;neirly;whi^^ the anthersdri;the''''dissected' 

flowers is represented two-celled; this is, I believe, an error of the artist, as 
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I have, since the plate was printed, examined recent specimens, and find 
them one-celledj as shown in the detached figures of the anthers, drawn at 
the same time as the rest of the picture/ 

Campbellia cytinoides^ (Reuter) Wight, was like the preceding species 
in general appearance, but ‘ certainly distinct k It had lanceolate bracteoles, 
glabrous filaments, a one-celled deflexed anther, and a style hooked at the 
apex, with a clavate stigma. 

Confusion began with the original publication. Wight's figures of 
Campbellia cytinoides show a one-celled ovary, with parietal placentation, 
but anthers which dehisce longitudinally, contrary to his generic description. 
His figure of Campbellia aurantiaca shows a corolla pubescent on both 
surfaces, and anthers opening by a pore and two-ceiled (i. e. furnished with 
a spur), while two of the three figures of the ovary show a completely 
bilocular ovary, with axile placentation. 

Wight had previously sent specimens of the second species to Reuter, 
who had described them, together with specimens collected in South India 
by Perrottet, as Phelipaea (?) cytinoides, Reuter's description does not afford 
much assistance; he stated, with a query, that the anthers opened by 
a pore. Wight also sent specimens to Gardner, who included it in his 
genus C/iristisonia, and published a description under the name Christisonia 
milgherrica. Gardner's genus Christisonia had a one-celled ovary, with 
parietal placentation, spurred anthers opening by a pore at the apex, and 
a bilobed stigma. In his description of Wight's specimens, he stated that 
the ovary is one-celled, with parietal placentation, that the anthers cohere 
with one another, that they open by an apical pore and have a conical, obtuse, 
deflexed spur at the base, and that the stigma is two-lobed, the upper lobe 
being abortive. The latter view is somewhat fanciful, and the remainder 
of the desciiption suggests that Gardner had a mixture of two species. 
The anthers of Campbellia cytinoides do not cohere, they are not spurred, 
and the placentation is not parietal. 

Bentham, in' Genera Plantarumretained Christisonia in Orobanchaceae, 
but transferred to Scrophulariaceae. According to him, 

Christisonia had a two-lobed stigma; a one-celled ovary with parietal 
placentation ; and anthers of which one loculus was fertile, while the qther 
was baiTen and spur-like. Campbellia^ on the other hand, had a two-celled 
ovary (? or shortly one-celled at the apex} with two placentas in each 
loculus ; stigma capitate, oblong, or peltate; and anthers as in Christisonia 
or with the barren loculus wanting. • 

Hooker, in iFlora of British India', united Campbellia with Ckristisoma 
in the Orobanchaceae, and included Wight's two species under Gardner's 
Chru^^^ he queried the inclusion Qi:Camp-\ 

'■ hcllia mirantiaca, 

. .Trimeii, in fjoiirnal of Botany.', xxiii,' p, 340, wrote: 'CMeilgherrim is^ 
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rightly made synonymous with Carnphelha ejaznotdes^ Wight, in the FL 
Brit India'’. ... It is not infrequent in the high mountainous forests here, 
growing on the roots of Strohilanthes, and I have had several opportunities 
of examining fresh specimens. I am inclined to think Wight s genus a good 
onej and its reunion with Christisoniahy Sir J. Hooker to be uncalled for. 
The structure of the anthers is very different in Campbellia ; they are 
strictly oiie-celled, open by a terminal pore, and are quite free from one 
another and without spurs: the style, too, is different, being hooked, ovoid, 
and quite entire. The genera are, however, closel}^ allied, and their station 
away from one another in different natural orders, as in the Gen. Plant.”, 
is clearly an extreme in the opposite direction. The structure of the ovary 
and placentas is quite the same in both genera, truly one-celled in all 
I have examined, except occasionally near the base.’ Accordingly, in the 
'Handbook of the Flora of Ceylon’, Trimen retained the genus Campdellia, 
distinguishing it from Ckrisiisonia by its clavate stigma and anthers 
without spurs. It must, however, be noted that Trimen based liLs opinion 
on Campbellia cytinoides, wdiich, from the order of publication is not the 
type species of the genus Campbellia. 

Campbellia cytinoides is a fairly well-known plant. It has a simple, 
clavate stigma, and deflexed anthers which open by a pore at the apex. 
The apex of the filament is slightly thickened, but it is not spurred. 

It follows from the foregoing that Wight’s plate of Campbellia cytinoides 
(No. 1435) is incorrect,^ since it shows anthers which dehisce longitudinally. 
If, however, we interchange the anthers of PL 14^5, Fig. 4, with those of 
PL 1424, Fig, 3, the former becomes correct for Campbellia cytinoides, while 
the latter is then a good representation of the unnamed Ceylon species 
from Hakgala, It seems most probable that in this particular the draughts- 
man confused the two species; that could easily happen, since, as stated by 
Wight, they resemble one another in general appearance. 

The Ceylon species agrees with the figures of Campbellia anrantiaca 
in the shape of the corolla, calyx, and bracteoles; the shape of the stigma, 
with its lateral line; the spurred anthers, as depicted on the dissected 
corolla ; the pilose filaments; and the bilocular ovary, as shown in Pigs. 5 
and 7. The points in which it does not agree (after the interchange 
suggested) are the pilose style and the pilose inner surface of the corolla. 
With regard to the corolla, the Ceylon species is hairy externally, but 
glabrous internally, except at the base of the filaments. Wight stated that 
the corolla of Campbellia anrantiaca is pubescent within, but his artist 
figured it pubescent on both surfaces. It may be noted that PL 1435, Fig, 4, 
shows glabrous, filaments;; these 'are'normal for the. shorter stamens of the,' 
■'Ceylon species., 

■"";: ;It would,'appear ;,to be,, a fair,'conclusion, therefore,,' that',,the ' Ceylon; 

HiimcroBS:^'err©xs;l'n ,Wight^s;pIat€S were noted' % 'WightJbimself,'', ' ■ 
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species in question is Camphellia anrantiaca, Wight. It resembles Camp-^ 
bellia cytinoides so closely in general appearance that Trimen assigned his 
gathering of it to the latter species. 

Beiitham probably examined Camphellia aurantiaca for the characters 
of the genus Camphellia, as he described the ovary as two-celled, and noted 
the peculiar parenchymatous bodies which accompany the seeds. On the 
other hand, Hooker probably examined Canipbellia cytinoides^ as he united 
the genus to Christisonia. 

The separation of the species of Christisonia and Canipbellia into 
different genera will naturally depend on the relative importance attached 
to the different characters. We have, in the different species, anthers which 
open by a pore and anthers with longitudinal dehiscence; styles simple, 
clavate, or expanded and lobed ; anthers with a spur formed by a barren 
anther cell, others with a spur which is an outgrowth of the connective, and 
others which are not spurred; a one-celied ovary with parietal placenta- 
tion, or a two-ceiled ovary with axile placeiitation; and these characters 
occur in various combinations. 

Wight’s differentiation by means of the bracteoles and anthers does 
not lead to a natural separation. Christisonia bicolor has paired bracteoles, 
a one-celled ovary, a lobed stigma, and anthers which open by a pore and 
are furnished with a spur consisting of a barren anther cell. Campbellia 
cytinoides has paired bracteoles, a one-celled ovary, a simple stigma, and 
anthers which open by a pore and are not spurred. Camphellia aurantiaca 
has paired bracteoles, a two-celled ovary, a simple stigma, and anthers 
which dehisce longitudinally and have a spur which is an outgrowth of the 
connective. 

From the order of publication, Campbellia anrantiaca is the type 
species of the genus Campbellia. But Wighds generic description is based 
on Camphellia cytinoides, as he described the anthers as opening by a pore, 
and the ovary as spuriously two-celled at the base, one-celled at the apex. 
Bentham described the ovary of Campbellia as two-celled, or (with a query) 
shortly one-celled at the apex ; this covers both Camphellia anrantiaca and 
Campbellia cytinoides. 

In Camphellia aurantiaca the ovary is two-celled, the placentation 
being axile, with two placentas in each cell. 

In Campbellia cytinoides., Wight found the ovary spuriously two-ceiled 
:at the base,'one-celled at the apex, and considered the placentation parietal 
Gardner stated that the ovary was one-celled and the placentation parietal. 
Trimen stated that the structure of the ovary and the placentas was the 
same in both Campbellia Christisonia, ovary being truly one-celled 
except occasionally near the base. Worsdell, however, wrote: 

‘As stated in my former paper, the ovary of is imiloc 

.'■with.two bipartite' placentas. '■ In one of the species (C neilgherricd^GmA.), '^' 
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however^ there is a slight modification, the lower portion ot the ovary being 
bilocular owing to the fact that the placentas from opposite sides meet and 
fuse in the centre, whereby the ovules acquire an axile placentation ; in the 
upper part of the ovary the placentas again separate, and the ovary 
becomes unilocular.* 

Christisonia ficilghendca^ Card., is Carnpbelha cytinoides, Wight. Con¬ 
sequently Worsdeli observed the same structure as noted by Wight^ 
Bentham, and Trimen., But the interpretation is not quite correct. A pre- 



Figs, 12-17. Campbdlia atirantmca. 12. Longitudinal median section of the fruit, showing" 
the septum (obliquely lined), the area of attachment of the placentas (dotted), and the median 
perforation, x?,. 13. Fruit, wall and seeds removed, showing the two placentas of one loculus. 
X3. 14. Longitudinal section of ovary, perpendicular to the septum, slightly to one side of the- 

median plane, x 3. 13. Transverse section of ovary in lower half, placentas obliquely lined, x 3. 

16. Transverse section of ovary, about the middle, x 3. 17. Transverse section of ovary in upper 

half. X 3. ■ 


vious knowledge of Christisonia appears to have misled the majority of^ 
those who have examined 

In Christisoni a 3. arises along each side of the ovary, pro¬ 

jecting inwards as a \^ertical plate, whichy near the middle of the ovary, 
divides longitudinaliy into two lateral lobes which curve outwards. In 
a cross-section of the ovary, therefore, one sees two T-shaped placentas, the 
stalk'Of the'T'arising: from the ovary wall, and the two cross-bars.parallel 
to one another and almost in contact. The cross-bars, or arms, of the T 
are, of course, not straight, but variously inrolled at their extremities. In 
thC'ripe' capsules of Christisonia Thzuaitesu the placentas , arise, 
ribs, one on each side,adnate to the wall of.the ovary ; while in ':Clh tricolor■ 
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these ribs are stout rounded columns, which, when the thin wall of the 

capsule is broken away, curve upwards like a pair of horns from the apex. 

of the pedicel. 

In Campbellia atirmiiiaca the ovary is divided into two loculi by 
a vertical septum (Fig. in). A thickened strand traverses this septum 
medially from the base of the capsule to the area of attachment of the 
placentas. At about half the'height of the capsule, the bases of the two 
placentas in each loculus separate from one another, but remain attached 
to the septum, while the latter is perforated by a narrow slit between the 
upper halves of the placentas. From the apex of each placenta a stout 
strand runs obliquely upwards, these strands ultimately uniting with one 
another and to the apex of the ovary. 

Thus, if the ovary of Campbellia at^i^antiaca is cut transversely about 
the centre, it appears bilocular, with axiie piacentation (Fig. 16). If, how¬ 
ever, a transverse section is taken in the upper half, it appears unilocular, 
and the piacentation parietal (Fig. 17). But the dissection of the ovary 
shows that the latter appearance is fictitious ; the apparent ‘ stalks ^ of the 
placentas are parts of the septum, and the ovary appears unilocular because 
the septum is perforated along the median line. The piacentation is axiie 
and the capsule imperfectly bilocular. 

In Campbellia cytinoides a septum is present in the lower half of the 
ovary. From the middle of this imperfect septum four placentas arise, two 
in each cell; and the median strand of the septum is continued upwards as 
a central column to the apex of the ovary, where it unites with the ovary 
wall. In the upper part of the ovary the placentas are attached to the 
central column. The upper part of the ovary is one-celled, but has an 
axiie column. Consequently the structure of the ovary is essentially the 
same as in Campbellia auraniiaca, but the septum is lacking in the upper 
half on either side of the median line. The piacentation is axiie; its 
description as parietal is due to mistaking the septum for the stalk of the 
T-shaped placenta of Chrisiisonia, 

Bentham separated Campbellia from Chrisiisonia on the structure of 
the ovary. In both Campbellia a7ira?iiiaca a.nd Campbellia cytinoides the 
ovary may be regarded as two-celled, the septum being imperfect. In both 
the piacentation is axiie and the stigma simple. The two species differ in 
the structure of the anther. It would appear that Bentham's conclusion, 
that should be included in the Scrophulaiiaceae, is correct, in 

spite of the general resemblance and similar habit to Christisonia, 

From Wight’s figures, Christisonia calca?^ata^ Wight, and Christisonia 
Lawii^ Wight, appear to'have a'two-celled, .ovary, and would consequently' 
be included in Campbellia, But with regard to the former, Wight stated 
' that' f'it seems" not' improbable'that'some'parts of the 'analysis may' be/found 
faulty, as'' they are difficult' plants, to,dissect from dried" specimens.'’'';'and 
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As regards Christisonia albida^ we know that Thwaites was at Peradeniya 
in October 1866, and on October 6 he wrote to Ferguson, ' My collectors 
are still out, and I trust to see them back in a few daysb The evidence, 
therefore, indicates that Thwaites did not collect the Christisonia ailnda of 
i866j but that it was brought in from Hakgala by his collectors. 

Further, there is no evidence that the specimens were collected in the 
jungle on the Botanic Garden reserve. His collectors may have been 
collecting in the Hakgala district, and they may have obtained the specimens 
in the jungle behind the hill, or on the opposite side of the valley, both of 
which are still practically unworked ground. 

Again, although the jungle borders the Botanic Garden, and many 
botanists have worked there, the area which they have investigated is very 
limited. There is only one path through the jungle reserve, viz. that from 
the Garden to the top of the rock. For a few years, from 1905, there ivas 
a path into the jungle for a short distance from the middle of the Garden, 
but it was soon overgrown. For the remainder of the jungle, one has to 
take advantage of temporary wood-cutters’ paths or elephant tracks, or to 
scramble along the streams, exploring laterally by cutting a way through 
the undergrowth or pushing through the more open spaces. Botanists have 
usually confined themselves to the path to the peak, and even there no one 
collected Campbellia aicrafitiaca between 1881 and 1910, though it grows on 
both sides of the path over a distance of about 100 yards. That the Hakgala 
jungle reserve has not been thoroughly searched was demonstrated this year 
(i 923) by the discovery of a new species of Sciaphila in it. This was found 
above the Garden, within a hundred yards of the boundary, and in the 
ravines on the patana to the south, its stations extending over a distance 
of a mile and a half. It is evidently generally distributed through the 
jungle, but the only locality visited in which it was not found was along 
the path to the peak. The latter traverses a part of the jungle which has 
a slightly different aspect and rainfall, and it may be that the Sciaphila does 
not occur in that area. 

The first specimens which have been assigned to Christisonia albiday 
Thw. (C.P. 3929), were collected in October 1866. As already stated, the 
evidence indicates that these were gathered by Thwaites’s collectors, and 
that he did not see them in the fresh state. There is no painting of that 
collection. In August-September 1869 the draughtsman made two 
paintings of Orobanchaceae at Hakgala. These are two different species, 
and both different from the specimens of 1866. But by some mistake the 
specimens of 1869 were placed in the herbarium under C.P. No, 3929, 
he. the same number as the specimens of 1866. It is difficult to under- 
, stand.bow this'happened, as^The plants are.', so, very different' in, general 
'appearance.,, A, ',pos,sible''Solution. is .that ;the\d,raughtsman','' had been',:s'ent':' 
:j:':;;pp::to:'Ha% of the ..QP.'3929' of 'i866,,'and.'. therefore' 
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put the plants of 1869 under that number- It would appear from 
this confusion that Thwaites did not personally collect the plants of 

1869. ' ■ ■ 

Examination of the specimens show that the plants collected In 
1866 are Christisonia hicolor^ Gardn., van speciahilis, Trimen; those of 
August 1869 are Campbellia aiLrantiaca, Wight; those of September 1869 
are Christisonia Tlmaitesii^ Trimen ; and there is also under the same 
C.P. number a single specimen of Christisonia bicolor, Gardn, It almost 
appears from the herbarium'specimens that C.P. 3929 was a general 
number for all specimens of Orobanchaceae collected at Hakgala. 

The specimens of 1866 were mounted by Thwaites, but he did not 
label the sheet. It bears the C.P. number 3929, and the note ' Hakgala, 
October 1866^, in his handwriting. Trimen added the name ' Christisonia 
albida Thw. MSS.', and the note Hota planta albida (Thwaites)'. I have 
not been able to discover whence Trimen obtained the latter note. His 
reference to Thwaites's notes may refer to a manuscript list of additional 
C.R numbers, bound up with Thwaites's copy of his ‘ Enumeratio ' in the 
Peradeniya library, in which occurs the entry ‘3929 Christisonia albida 
Thwaites MSS. Tota planta albida’, but that list is not in Thwaites's 
handwriting. 

The specimens of 1869 were left unmounted as duplicates of C.P. 
39^29, accompanied by a label in Thwaites’s handwriting, ' C.P. 3929, 
Christisonia sp. Hakgala, October, 1866'. This is probably the Thwaites 
label of the original gathering, and it is to be observed that it does not 
bear the name Christisonia albida nor any note of the colour. In 1901, 
when a laboratory was opened at Hakgala, a herbarium of Hakgala 
and up-country plants was instituted there, duplicates being transferred 
from Peradeniya; and Christisonia albida was represented by a copy of 
the painting of September 1869, with a sheet of specimens made up 
from the duplicates of C.P. 3929. Thus, while Christisonia albida in 
* Herb. Peradeniya' was Christisonia bicolor, var. spectabilis, Christisonia 
albida in ‘ Herb. Hakgala ’ was a mixture of Campbellia anrantiaca and 
Christisonia Thwaitesii, with 3. oi 

Bentham had specimens of Christisonia albida from Thwaites, and 
in ^ Genera Plantarum' he transferi'ed it to Campbellia,hz<z2oisQ. Cht ovary 
was completely two-celled. From that, and his description of the 
parenchymatous bodies which accompany the seeds, it is evident that 
Bentham had specimens of the collection of August 1869, viz. Campbellia 
■ '.'anrantiaca. 

Tn f Flora of British India ’ Hooker gave the first description of Christi-' 
■soniit.' albida as follows (I have italicized the more striking differenGes 
between this description and Trimen s) : 
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' C albida Thw. MSS. ; sparselypnbescent, stem very short, scales very 
obtuse, flowers crowded, very shortly pedicelled, calyx c-bracteolate, lobes 
rowtded^ filaments very short, anthers all unequally e-celied, cells oblong 
parallel. 

^ Stem 1-2 in. from an elongate warted rhizome like that of C. bicolor^ 
very stout. Scales \ inch, obovate, tip rounded. Flowers crowded, mtich 
smaller than in any of the other species. Calyx J inch long, pubescent, lobes 
very short, erose. Corolla i in., pubescent externally. Anther ceils 
acute below. Ovary completely two-celled, stigma very small, clavate.’ 

The above description evidently refers entirely to the specimens of 
August 1869, viz. to Campbellia aurantiaca, Wight. Hooker’s material 
was probably the same as Bentham’s. 

In a foot-note in the "Journal of Botanyxxiii, p. 241, Trimen wrote, 

^ Chrisiiso-nia albida Thw.^ referred to Campbellia in Gen. Plant, ii, p. 967, 
is rightly put back again into Christisonia in the FI. Brit. India.’ But he, 
naturally, had examined the earliest specimens of C.P. 3929, the only 
mounted sheet in " Herb. Peradeniya h and so had based his opinion on the 
specimens of 1866, viz. Christisonia bicolor, var. spcctabilis. 

In the * Handbook of the Flora of Ceylon’, Trimen gave a fuller, but 
not a complete, description : 

" Scape short, scales ovate glabrous ; flovoers large, crowded, pedicel 
•| in., with two bractlets some distance below flower ; calyx | in., glabrous, 
segments five, very small, linear \ corolla tube i-| inch or more, pubescent 
outside, limb in. diameter, lobes broad truncate. 

"Upper montane zone; very rare. Hakgala, 1866 (Thwaites). FL 
October; white. 

" The whole plant is white, according to Thwaites’s notes. I have not 
met with it, and have only the C.P. specimens. Bentham referred it to 
Campbellia in Gen. PL ( 1 . c.). The ovary is said in FL Brit. Ind. to be 
completely two-celled.^ 

This description is evidently based on the specimens of 1866, viz. 

'Christisonia^ bicolor, spectabilis. The particulars given by Willis are 

■taken from' this description. As Trimen did not describe the stamens 
or stigma, it would appear that he did not dissect a flower. Had he 
done so, he would no doubt have discovered that the specimens were 
Ckristisonm bicolor, spectabilis. 

The specimens of 1866 have a stout rhizome, which lacks the numerous 
tliorny projections found on the thinner rhizome of Christisofda bicolord 
The flowers are grouped together at the top of the scape, but owing to the 
lengtk'of they pedicels t^ not ’crowded. , The pedicels, are i-2*5 cm,.'' 

long, with a pair of bracteoles, either below the middle or at the base. 
''Trimen ' stated;''that 'the bracteoles w'ere-'^ some distance Below the flower'",, 
'mot'^be^ as quoted by:Willis. ': The,':calyx',is',:narrow, tubniar', 

slightly expanded above, 1*5-2 cm.,'hIghj.gIabrou,s, witlv five ,teet,h''ya'rym 
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from triangular to almost linear. The corolla in the dried specimens is up 
to 7 cm. high, with a limb up to 4 cm. diameter, hairy externally; the tube 
is very narrow below, and expands upwards to about double the diameter. 
The anthers are spurred, the spur being a barren anther cell; the filaments 
are naked or slightly pubescent above, and' pubescent with long hairs at the 



1*103.18-20. Christisonia spcctabilis, i8. Flowering shoot, x §. 19. Calyx, 

stamens, and style, x §. 20, Stigma, enlarged. 

base. The stigma is lunate, and about 5 mm. from side to side. In all 
these points the specimens agree completely with Christisofiia bicolor 
speciaUlis 

There would seem to be very little' doubt which collection Thwaites 
intended to be Ckristisonia albida. The evidence indicates that he did 
not see any of the plants in a fresh state, and that, in consequence, any 
■note , of the ,coloui' 'when fresh ■,m,ust. have ■ been based on the statements 
of his collectors, or on the paintings made from the fresh specimens by 
the draughtsman. ', There is no painting' of,'the collection of 1866^ and' that, 
'■ sptdesyCMristisoma'bicolorspectabiiis, has normally a pink'.calyx,'and' 
a corolla with a white''limb' and pale yellow tube. On the other, hand/the 
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colour of the painting of Campbellia aurantiaca, made in August 1869^ 
could undoubtedly be styled albida, and Thwaites sent specimens of that 
gathering to Kew. It would appear that Christisonia albida, Thw.j applies 
to the specimens of August 1B69, and that the name is consequently a 
synonym of Campbellia aurantiaca, Wight. 

In any case, the alleged disappearance of Christisonia albida is due to 
the fact that C.P. 3929 was a mixture. Hooker s description of Christi- 
sonia albida does not refer to the same plant as Trimen’s. Botanists 
relying on Trimen’s description and the .mounted specimens in ^ Herb. 
Peradenij^a ’ would have to search for a Christisonia with larger flowers 
than any other Ceylon species, the whole plant white in colour, and, as 
far as is yet known, no such plant has ever existed. 

Christisonia bicolor, var. spectabilis, differs from Christisonia hicolor 
in its rhizome, iis narrower calyx and corolla tube, its glabrous calyx, 
and its lunate stigma. Christisonia bicolor has a more or less reniform 
stigma, but that of var. spectabilis is laterally elongated, and decurved at 
the ends, resembling to some extent a croquet hoop (Fig. 2^0). In some 
of the herbarium specimens of the latter the stigma is a centimetre from 
side to side. This should be separated from Christisonia hicolor as 
Christiso7tia spectabilis, Thwaites. 


Summary. 

I. Ca^npbellia aurantiaca, Wight,is distinct from Campbellia cytinoides^ 
Wight. 

3. The genus Campbellia should be included in the Scrophulariaceae, 
where it was placed by Bentham. 

3. Christisonia albida, Thwaites, so far as relates to the plants collected 
in 1866, is Christisonia bicolor, vdct, spectabilis, \mt according to the plants of 
August 1869, on which the first published description was based, it is 
Campbellia aurantiaca, 

4. It is most probable that Thwaites regarded the plants of August 
1869 as his Christisonia albida] in that case it has been collected again in 
1881, 1910, and 1923, and occurs in South India. 

5. Chrisiisoma. bicolor, var. spectabilis, should be considered a distinct 
^'S^^z\t%CChrisiisonia spectabilis, Thw,, in Herb. This species is known from 

' twO'widely''separated localities in Ceylon. '■ 

' third 'species included in'C.P. 3929,. viz.; Christisonia ThwaitesUy 

:Tn'men, is known trom two localities in'Ceylom 



Christisonia albida, Thwaites. 
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Some Observations on the Nitrate-reducing 
Properties of Plants. 


BY 

V. L. ANDERSON. 

From the Botanical Department of University College^ London. 

I T would appear to be generally accepted that the ordinary green plant 
obtains its supply of nitrogen in the form of nitrate which is absorbed 
from the soil ; that, since nitrate is a relatively inert substance, it is reduced 
to nitrite prior to its elaboration into a food substance ; and that the 
nitrite must be fixed almost as soon as it is formed, since it is a very reactive 
substance and has marked toxic properties.^ If these acceptances be true, 
amongst the problems immediately arising are the following: to identify 
the agent responsible for the reduction of the nitrate, and to determine its 
distribution in plants generally; to see whether nitrite is as rare in plants 
as is often stated ; to find the mechanism for the disappearance of nitrite; 
and to ascertain the fate of the nitrite. 

The observations of Haas and Hill^ confirm and extend the work 
of earlier authors on the presence of a nitrate-reducing agent in milk; 
they call it atite, and show the presence in the same medium of a 
nitrite-oxidizing mechanism which reconverts the nitrite into nitrate. 
The observations recorded in the present preliminary communication are 
an outcome of the work of these two authors. 

The Occurrence of Nitrate in Plants. 

Brief reference must be made, to" the presence of nitrate in the plant, 
and' that such is the case, is shown by a.mass,of evidence which need not be 
considered here.^’ In the present instance the presence of nitrate has 

^ But see Czapek; Biochemie der Pflanze, i, 191. 

2 Haas and Hill: Biochem. Jonrn., xvii, 671. 

® . Klein : ,Beiliefte Bot, Cent, XXX. 141.■ 

' . Mollscii ; Mikrocliemie'der,Rflanze. Zweite Auflage, 91.. . 

■ Annals ofBQtany.VoLXXXVIII. No. CLII. October, 1924.3 , 
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been demonstrated by means of the diphenylamlne reaction in the 
expressed sap of the shoots of the following plants : 


Aegopodiimt Podagraria 
Aesculus Hippocastminm 
Airopa Belladonna 
A vena saliva 
Brassiea campestris 
,3 ole?'ace a 

Clematis Vitalba 
Grasses (various) 
Heliaitthis tiiberosuni 
Isatis iinctoi'ia 
Laciuca sativa 
Ltipinus^ sp. 

Me?'ciirialis perennis 
Nastnrtimn officinale 
PJiysails peruviana 
,3 Alkekefigii 

Raphanus saiivns (root) 
Reseda alba 
,3 lutea 
Rtdms Idaeus 


Runiex acetosa 

3, conglomeratMs 
„ crispus 
Sambticus nigra 
Scop alia lurida 
Senecio vtdga?ds 
Silene maritima 
Solammt Didcaniara 
,3 Ly coper sicu?n 

„ nigrum 

3, tub erostmt 

Sonchtis arvensis 
Spinacia oleracea 
Suaeda fruticosa 
Triiicum vidgare 
Tussilago Faiffiara 
Ulva lactuca 
U?dica dioica % 

Withiana somnifera 


Also in traces in the seeds of Brassiea nigra, Ca?inabis sativa, and Lepidium 
sativum. 

That the amount of nitrate present in the plant may vary considerably 
during the life-cycle has been shown by Berthelot ^ and has been confirmed 
in several instances in the present work, e. g. Mercurialis perennis gave 
positive nitrate reactions in October and negative in June, and the leaves of 
hMpinus sp. were found to be much richer in nitrate in . October than in 
■June; in each case the material was taken from the same locality. That 
a daily fluctuation of nitrate content occurs in some plants has been shown 
in the case of Solammi Dulcamara, where the amount of nitrate present in 
the early morning was considerably less than that found in the late 
.evening.,'\ . , 

Berthelot ^ has also shown that the distribution of nitrate may be 
locali'zed in the plant,; an aspect more recently studied by Klein/ and in the 
present instance'it waS'observed that, although nitrate was present in the leafy 
shoots of Physalts A Ikehengii, Solanum Dtdcamara, and hS. Ly copersictim, 

■ no trace'of it'could, be shown to, „e,xist in the. berries, even when these were' 
in an early stage of development. It was also found that although nitrate 


^ Berthelot: Compt. Rend., 1884. 


® Klem, op.„cit 
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was present in the etiolated ^heart’- of the cabbage, it could not be 
demonstrated in the sap from the outer green leaves, an observation which 
was paralleled by results from experiments. on the seedlings of Triticum 
and Avena^ where the etiolated material gave slightly stronger reactions 
than that grown under more normal conditions. 

In certain, instances it was found that plants from one locality gave 
negative results, when tested for nitrates, whilst individuals of the same 
species from other localities gave positive results. Thus Suaeda fniticosa 
grown on a shingle beach (from which soluble salts are readily leached) 
under conditions of maximum insolation gave negative results, whilst the 
same species grown in garden soil and subjected to a certain amount of 
shade gave a strong positive reaction for nitrate. Similarly, Sambucus 
nigra from an exposed hedge-bank on a poor soil gave an almost negative 
reaction, while material from another locality in a wooded valley was very 
rich in nitrate; and Rumex conglomeratus growing on an old manure heap 
gave much stronger reactions than the same species from a hedgerow. It 
would, therefore, appear that the presence of nitrate in the plant in amounts 
detectable by the agent employed depends to a considerable degree on the 
richness of the soil and the anabolic intensity. Thus the plant growing in 
a highly manured soil will give a strong positive reaction for nitrate, 
probably because it absorbs more than it can elaborate in a given time ; 
whilst, on the other hand, a plant grown under conditions highly favourable 
for nitrogen assimilation, but in a poor soil, will give negative reactions for 
nitrate simply because the nitrate is elaborated at a rate equal to the rate of 
supply. If this generalization be accepted it would throw light upon some 
earlier and contradictory observations; thus among the plants mentioned 
by Klein as being very poor in nitrate content, there are many whose usual 
habitats are poor in soluble food substances, and whereas Molisch^ finds 
nitrates to be generally absent in trees, Berthelot cites them as occurring 
in such types as are usually well manured, e. g. Primus domestica knd 
Pyrus communis. 


The Occurrence • of a Nitrate-reducing Mechanism in Plants. 

Kastle and Elvove ^ were the first to demonstrate the power of the 
■expressed sap of potato tubers to effect the reduction of sodium nitrate, to 
nitrite in the presence of acetaldehyde and other accelerators, 

'Thi'oughout'the'present work .the'method of procedure in detecting 
such a reducing mechanism was as follows : 

',■.■■■ '-'To.,, 10 ex."of the expressed .sap was added ten drops of 4 .per cent. 

Moliscli,':op. cit■ ■ 2 .pp^ cit. 

;' ■ ® Kastle anU Elvove: Amer. Chem.' Journ.,' 1904, xxxu 606.' 
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sodium nitrate; ^ the liquid was then equally divided between three test- 
tubes, to one of which were added two drops of lo per cent« acetaldehyde ; 
the tubes were-placed in a water-bath at 45° C, ; ,the one without acet¬ 
aldehyde was removed at the end of ten minutes, and the other two at the 
end of twenty minutes. After cooling, the extract was, if necessary, half 
saturated with ammonium sulphate, and filtered to remove chlorophyll and 
other substances, and was then tested for the presence of nitrite with 
Griess-Ilosvay reagent, some of the original extract being used for purposes 
of control. 

The use of Griess-Ilosvay reagent for the detection of nitrite has 
certain disadvantages; it is acid in reaction, and, as Klein has pointed out, 
will react with any anthocyaii present, producing a red colour which may be 
mistaken for the nitrite reaction. This may be obviated by the selection of 
parts free from anthocyan and by the use of control experiments. Another 
disadvantage lies in the fact that when there is relatively much nitrite 
present Griess-Ilosvay will give a pink colour which soon turns brown. 
This latter occurs only very rarely in plant extracts, and its effects in the 
present work may be discounted. 

The work of earlier authors ^ on the presence of a nitrate-reducing 
mechanism in the potato tuber and in etiolated potato shoots has been 
confirmed. In addition, it has been found to obtain to a well-marked 
extent in the sap expressed from the green shoots of the potato and of 
Solanum Dnlcamara^ znd also obseived, though to a slight extent, in the 
expressed sap of the leafy shoots of the following plants: 


Anmi wtaadatfmz 
Bryonia dioica 
Clematis Vitalba 
Dahlia^ sp. (young tubers) 
Helianthus anntms (etiolated seed¬ 
lings) 

Helianthus tuberosum 
Linum nsitaiissimum (etiolated 
.seedlings) 

Lychnis alba , 

Medicago ' iupuiina . 

Physalts \Alkekengii .. 


Physalis peruviana 
Pisimn sativum 
Ranuncidus btdbosus 
Raphamzs sativus 
Rhetmi officinale (etiolated leaves) 
Solanum crispum 
„ Lycopersicum 
Tamus communis 
Trifolium pratense 
Triticum vidgare 
Viburnum L ant ana. 


in several of'these plants the activity of the reducing mechanism has 
'been shown to bC" variable, and this is markedly so in the case ,of Solanum 
Dulcamara^ in ..October, the' reduction'was, scarcely 

,'. 4 Iii' cases, where the'extract was already rich'in .nitrate the amount added'was,ia'odified,. slightly. , ' 
,: ;^,,;Kastle and'EIvove'j.O'p. ;CiU,• 

® Bach: Biochem. Z., 2911, xxxiil 282, and.1912,.x'xxviii. X54. ' 
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discernible, while material tested in June gave good positive results. 
A number of experiments were carried out on June material, but so far as 
■the reducing activity was concerned there was no variation shown, whether 
the material was obtained in the early morning or late evening or from 
varying habitats. ■ This points to a well-marked seasonal variation ; but in 
other plants the variations obseived are not so easily explained ; thus the 
etiolated seedlings of Heliantlms anmms and Linum tisitatissimum^ which 
gave weak but decidedly positive results on one occasions could not be 
confirmed after a lapse of some months, though the conditions of growth 
were apparently the same. It appears probable that another type of 
variation occurs in such cases, but further investigation will be required 
before this can be elucidated. 

With respect to these observations it must be noted that, although 
Griess-Ilosvay is an extraordinarily delicate reagent, the absence of 
a positive reaction at the end of an experiment does, not necessarily mean 
that a nitrate-reducing mechanism is absent. The expressed sap of the 
plant, which must of necessity be employed, may contain various substances 
which may enter into combination with the nitrite as soon as it is reduced 
from the nitrate, and a negative reaction wdth Griess-Ilosvay will therefore 
obtain even though a reduction may have occurred. Thus the expressed 
sap of Rtimex- conglomeraius contains tannins which immediately combine 
with added nitrite, and the same has been observed in several other plants 
(see below). 

The work of Haas and Hill ^ indicates that the nitrate-reducing 
substance, atite, in milk is, although thermolabile, an oxidizable substance 
rather than an enzyme. The same conclusion has been arrived at with 
respect to the nitrate-reducing substance in the potato, which also is 
thermolabile, and is thrown out of solution by saturation with ammonium 
sulphate. The evidence is as follows : To 300 c.Cr of the liquid expressed 
from potato tubers were added 3 c.c. of 10 per cent, acetaldehyde and 12 c.c. 
of 4 per cent, sodium nitrate. Since the potato extract contains an active 
oxidase, and also to prevent the oxidation of the nitrite, the air in the con¬ 
taining vessel was replaced by nitrogen, and the liquid was then placed in 
a thermostat at 45° C., where it was continually rotated ; samples of 30 cx. 
were removed periodically, precautions being taken to maintain the 
atmosphere of nitrogen in the vessel. : 

' /To the sample' removed, an equal volume of saturated ammonium 
■sulphate: was added, and, after filtering,' crystals of ammonium sulphate 
■were added to effect' complete ■ saturation. On further filtration a: clear 
liquid was obtained; to 30 c.c. of this were added i c.c. of metaphenylene- 
diamine and i' c.c.'Of ,sulphuric acid, while a standard solution containing: 


^ Haas and Hill, op. cit. 



704 


Anderson.—Some Obsej'vations on the 

# 

I c.c. of 0-01 8 per cent, sodium nitrite in 30 c.c. of saturated ammonium 
sulphate and a proportional amount of acetaldehyde was similarly treated. 
These were allowed to stand for twenty minutes, by which time a golden 
brown colour had developed, and the standard was then diluted until its 
colour exactly matched that of the extract The results obtained are 
expressed below: 

Time. Relative amounts of nitrite. 


15 minutes 

0*04 of standard 

30 

0-31 

>5 

I hour 

0-36 

35 

11 hours 

0*38 

j’ 

" >7 

0*55 

35 

3 :■> 

0.63 

33 

4 5 . 

0*87 

• 3 > 

5 jj 

0-87 

33 

6 

0*87 

J> 

f >5 

0*87 

5 > 


From the fact that no increase in the amount of nitrite occurred after 
the fourth hour (nitrate being still present in abundance) it would appear 
that the nitrate-reducing substance, under the conditions of the experiment, 
is capable of reducing but a limited amount of nitrate. Although the 
substance may not be identical with the atite of milk it appears to be of 
generic relationship, and may be termed atite pending its isolation, before 
which a chemical examination is impossible. 

In the expressed oi Solamim tuberosimZi S* Dtdcmnara^Linum 
tisiiaiissimtmt^ certain other plants the action of the atite was 
undoubtedly accelerated by the presence of acetic aldehyde, but on the 
other hand in Medicago lupulina and several other plants the aldehyde had 
no apparent effect, while in Tamus, Pistmi^ and others it actually retarded 
the action of the atite. This appears to indicate that more than one 
mechanism may be involved in the initial reduction of nitrates in plants. 

The Occurrence of Nitrite.in the Plant, 

The presence of an atite in the plant naturally leads to a search for 
nitiite. There is much conflicting evidence on the subject of the occurrence 
of this substance in the green plant. Molisch ^ considers that nitrites never 
occur, while Czapek^ appears to credit various authors who have described 
their bccurrence. Aso ^ finds nitrites in etiolated potato shoots, and Klein ^ 
m "ErjtArma}2ind other plants, but the latter considers that the occurrence 
may often be due to the action of bacteria or fungi, and he cites the root 
nodules of the;Legummoseae. 

' .' f T.t pointed out that the presence or absence . of nitrite .' 


xxxii, 146. 


^. 'Gzapek, op. ^it. 
^ ,,Klein,'.op. cit.. 
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ill the expressed sap of plants may be difficult to prove in view of the fact 
that the sap is a mixture of substances, some of which (e. g. aiitliocyans) 
give a pink colour reaction with Griess-Ilosvay (which therefore does not 
necessarily indicate nitrite), others of which (e. g. tannins) may combine 
with the nitrite on the contact inevitable on expression. It #as5 moreover, 
found in more than one instance that an extract which gave a slight positive 
reaction ^when quite fresh, failed to do so on standing for a few hours 
(e- g. Sambuctis). In other examples, e, g. Allhim and Rhamnus^ it was 
found that mechanisms were present which could not only prevent the 
detection of nitrite in the sap but could further render impossible, by 
means of the Griess-Ilosvay reagent, the detection of nitrite added to the 
extract. This problem is still under investigation. 

The freshly expressed sap of the shoots of 105 species has been 
examined, in only 25 of which has the Griess-Ilosvay reaction given 
positive results. These are as follows ; 


Good reaction. 


Weak reaction. 


Bryonia dioica 
Cenimirea nigra 
Helianthus tuberosum 
Lytkrum Salicaria 
Physalis Alkekengii 
„ peruviana 
Reseda lutea 
Solanum crispum 
„ Dulcamara 

55 tuberosum 

Ulmus campestris 


A rum maculatum 
Helianthus ammus 
Lnpintts^ sp. 

Lychnis alba 
Medicago htpitlina 
Pastinaca saiiva (very weak) 
Popuhis nigra (very weak) 
Rubus Idaetts 
Sambucus nigra 
Silene maritima 
Solanum Lycopersicmn 
nigrum 
Urtica dioica 
Veronica Clmmaedrys 


The presence of nitrite was also shown in etiolated pea seedlings. 

That the nitrite content may vary considerably in a species was shown 
in several instances, and conspicuously in Silene .maritima and Sambucus 
nigra^ but as yet the evidence is insufficient to show whether the determin¬ 
ing factors are similar to those which probably obtain in the case of 
nitrate. 

'■ .Conclusion. Notwithstanding that the present paper is in the natureof 
a preliminary communication, a few remarks of a general nature may not 
be'out: of place, more especially' relative, to the .presence of. atitein'.'certain' 
plants. This substance might, be "regarded as' the mechanism,''for;''t^^ 
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reduction of the initial nitrate in protein synthesis ; certainly the temptation 
to do so exists, but it must be remembered that atite, as far as observation 
goeSj is of rare occurrence, and its activity at ordinary air temperatures, even 
in the presence of a potent activator, is low ; so low, in fact, that the result 
can only just be detected after a lapse of about five hours. It is only in 
the artificial conditions of high temperatures (45® C.) and in the presence of 
acetaldehyde that its activity gives measurable results. For this reason the 
evidence available does not point to the conclusion that it plays any 
important rdle in the elaboration of protein. 


Summary. 


I. The presence of nitrate is shown to be a not uncommon feature in 
the green plant. The amount present is shown to vary according to 
different conditions of growth, and the occurrence of nitrate in a given 
species is shown to be inconstant. 

A nitrate-reducing mechanism, termed atite, has been shown to 
occur in 33 plants. 

3. The atite of the potato is a thermolabile and oxidizable substance, 
which, under the conditions of the experiment, can only convert a limited 
amount of nitrate to nitrite. 

4. The presence of acetaldehyde may affect the activity of the atite 
of different plants in different ways. . More than a single mechanism is 
possibly involved. 

5. The presence of nitrite was found in more than 30 per cent, of the 
plants examined. 

6 . The evidence does not point to the conclusion that atite is of much 
significance in the protein metabolism of the plant. 

In conclusion, I wish to express my- thanks to Mr. T. G. Hill, under 
w-hosc'supervision this work was done. 
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Flora. 


II. Plants restricted to Scotland, England, and Wales. 

BY 

J. R. MATTHEWS, M.A., F.L.S., F.R.S.E., 

Royal Botanic Garden, Edinburgh. 

With five Diagrams in the Text. 

Introduction. 

A CLOSE relationship invariably exists between the flora of a conti¬ 
nental island and that of the nearest mainlandj a good example being 
provided by the British flora itself. For a general discussion of such island 
floras, their origin and distribution, one need only turn to Darwin’s ‘ Origin 
of Species* or Wallace’s 'Island Life’. In these classics the theory of 
migration is advanced as a sufficient and satisfactory explanation of the 
known facts of distribution. Darwin’s views are strikingly summarized in 
the following sentence: 'If the difficulties be not insuperable in admitting 
that in the long course of time all the individuals of the same species, and 
likewise the sevei'al species belonging to the. same genus, have proceeded 
from some one source, then all the grand leading facts of geographical 
distribution are explicable on the theory of migration, together with sub¬ 
sequent modification and the multiplication of new forms.’ There is no 
need here to quote more than one illustration of this great generalization. 
The distribution of Salix in South Africa has been described recently by 
Burtt Davy ( 1922 ),. who regards the South'African species of thC' genus as 
modern types descended from an ancestral form, Salix safsafgYox^.^ of 
north and tropical Africa which has migrated southwards along fairly 
'.definite'.paths, 'producing new forms , on the way, nearly all of which arcv 
endemic.'' 

,'' But' the'.evidence for a single centre of development and' dispersal is not 
', [AEaals of Botany, Vol. XXXVIII. No. cm. Octolser, 1924.1 ' 
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always so clear. So great Is the discontinuity of area of certain species that 
several writers have advocated the theory of polygenesis for these puzzling 
cases in preference to the Darwinian point of view. Bews ( 1921 )j writing of 
the flora of South Africa, admits the possibility of polygenesis, for if it 
affords a simpler explanation than ordinary migration over enormous 
areas, then the onus .of proof is on the side of those who deny the possibility 
of multiple origins.’ From quite another quarter, Holm ( 1922)5 dealing with 
the geograpica! distribution of arctic plants, also favours the view that one 
and the same species may arise in more than one single area and that 
a genus may develop from several centres. The question has been fully 
discussed by Clements ( 1904 ), and, in fact, more than a hundred years ago 
Schouw ( 1816 ) supposed that very often the same species must have been 
produced in different, widely separated localities. It is interesting that 
recent studies, supplied with a greatly augmented number of facts relating 
to geographical distribution, should result in a revival of this old view, yet, 
whatever the future verdict regarding certain outstanding difficulties, the 
tlieor}^ of migration must always stand as accounting for all the ‘leading 
facts ’ of plant-geography. It can never be seriously challenged, least of all 
when a comparatively small part of the earth’s surface such as Britain, with 
its known geological history, is the area under consideration. For the flora 
of Britain is almost wholly an outpost of the larger European flora, and, 
fragmentary though the fossil record be, there is reason to believe that our 
native flora has attained its present range in the country as a result of past 
migrations brought about largely by climatic change. With the historical 
factor becoming more clearly defined, these distribution studies were com¬ 
menced in the hope that some light might be shed on the several plant 
invasions from the Continent which have shared in the building up of the 
flora of Britain, and to ascertain, also, how far the ‘ Age and Area ’ theory 
of distribution propounded by Dr. Willis might be applicable to our rather 
complex flora. 

In my former paper ( 1923 ) reference is made to the researches of Clement 
Reid, continued by Mrs. E. M. Reid, on Pliocene floras. The comparative 
review given by Mrs, Reid ( 1920 ) seems to prove conclusively that the flora 
of Western Europe underwent a gradual change during the Pliocene until 
there emerged, towards the close of the Pliocene, a vegetation composed 
almost entirely of indigenous species of the present time. This conclusion 
is substantiated by the investigation of Depape ( 1922 ) on the Pliocene flora 
of the Rhone valley. In the south-east of France a striking change occurs 
between the Plaisancien flora, rich in exotic species, and the quaternary flora, 
■ composed very.largely of indigenous species, a contrast which\ is explained 
by the geological and climatic changes which marked the end of tertiai*y 
and the beginning of quaternary time., ■■The.question'which'■.haS''giveff 

is whether.^„the .oncoming;',..coId;:;Of';the 
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Pliocene, culminating in the Pleistocene, exterminated the existing flora 
within the limits of Britain, or whether a considerable portion survived the 
glaciation of the country* 

A consideration of the known composition of floras from pleistocene 



and recent deposits described by Reid (i 899 , 1918 , 1916 ), Lewis ( 1905 - 1911 ), 
and" Chandler ( 1931 )' suggests that few of our southern species'survived the 
period ■ of: maxiiBum cold even in the south of England, which was ice-free. 
Since my former paper'was written, Chevalier (19^3) has/'publislied ' a. com-' 
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parative study of .the vegetation of North-west France and Great Britain, 
and points out that the present differences cannot be explained on climatic 
grounds^ but believes that the northward migration of species after the 
retreat of the ice had not terminated when the Channel was opened. Thiis 
a barrier was formed which prevented the penetration of numerous con¬ 
tinental species into England, 

In the case of species having a southern or south-eastern distribution in 
England, the possibility of tracing connexions with continental sources of 
dispersal is illustrated in my paper already mentioned dealing with that 
portion of the British flora restricted to England and Wales: Without seeking 
to establish the relative importance of such invasions as are there suggested. 
a distinction is drawn between a migration from the east and another 
the south, and it is believed that along these lines and between them- tbe 
bulk of the English flora has probably advanced. In Diagram i, the general 
map illustrating the mass distribution of these ‘ English ’ plants is repeated, 
since it may aid in explaining a further analysis of our flora presented in 
the following pages. 

This paper deals with a small portion of the British flora which is found 
in Scotland as well as in England and Wales but not in Ireland, at least as 
indigenous plants of that country. For convenience, the 105 species which 
form this group may be styled Anglo-Scottish, and a cartographic presenta¬ 
tion of the distributional data relating to them may be useful in supple¬ 
menting what has already been attempted for entirely ' English ’ species. 

Distribution of 105 Anglo-Scottish Species. 

It should be stated at once that the status of some of these species in 
Scotland is in doubt. They are probably adventitious and not really native 
in some of their northern stations, their occurrence being due to human 
agency. For the purpose of indicating the range of the group as a whole, 
however, I have used the topographical statistics furnished by Watson ( 1883 ) 
and Bennett ( 1905 ), and in certain cases I have had the advantage of the 
' most recent information in Mr. Bennett’s possession.^. 

The topographical data relating to these 105 species taken together are 
. expressed cartographically in Diagram 3. The group is widely dispersed 
in: Europe, yet the maximum number of species appears in France'and 

1 Many questions in plant ciistribution would be less puzzling if a fuller record of man’s influence 
. ' on tbe fibra were available* No serious, student of- British plants-doubts . that many species included 
„ in descriptive-Floras as if they were native in the co.untry are .in all probability not so. It is the 
difficulty to .disentangle'.".the truly.'indigenous, i..e. .aboriginal-or autochthonous, from, the adventive' 
that necessitates and,-,justifies'the careful xecording--of those immigrants that are establishingthemselveS' 
at the present time. In this connexion such works as Dunnes * Alien Flora of Britain’ and Trail’s 
^ Flora of the City Parish of Aberdeen’ maybe consulted, while, for another part of the world, 
Thomson’s * Naturalization of Animals and Plants in New Zealand ’ is most interesting. 
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Germany* Consequently^ if Central Europe has been the chief centre of 
dispersalj one might expect in Britain a concentration in the south and 
south-east with a gradual diminution in numbers northwards, an extension^, 
in fact, of the main features which characterize the range of entirely 



Diagram 2, Distribution of 105 ‘ Anglo-Scottish ’ species of the British Flora. 


'English* plants shown in Diagram'i. But the general result showing' 
mass" distribution , is,/here .different. ■The distribution within , Britain ■ is 
uneven, exhibiting; several areas^of .density in .' England, while dn 'Scotland 
the'inaximummumbers'appear in .'Perth, and Forfaiv ,,,,, 

'.'S'aV 
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To discuss fully a general map such as Diagram % would necessitate a 
critical consideration of the individual species, and in our flora there is ample 
scope for these detailed studies in distribution. Recently Miller Christy 
has dealt with Prinitda elatior^ Jacquin ( 1922 ), and Carpintis BeUdtis,\Am\, 
( 1924 ). But for the broad outlines which are here intended it suffices to 
recognize two main types of distribution, a northern and a southern. Of 
the 105 plants admitted, 50 are found most frequently in Scotland and in 
the north of England, 'while 55 tend to be more southern. The latter occur, 
on the average, in 38 of the 71 Watsonian vice-counties in England, and in 
7«4 of the 41 in Scotland, while for the former the figures are 6-5 and 12 
respectively. The numbers alone give a good idea of the relative extent of 
areas occupied by the two groups of plants in the two countries. 

Some of the boreal species may be described as arctic, whether we follow 
the view of Hooker ( 1862 ), who accepts all species as arctic if they are found 
growing within the Arctic Circle, or the more recent one of Ostenfeld ( 1902 ), 
who makes the tree limit the line of demarcation. Others which do not reach 
high latitudes are, nevertheless, characteristic of northern or montane floras, 
and in Britain certainly exhibit a northern tendency. This boreal element 
in the Anglo-Scottish group of plants will be referred to later; meanwhile 
the remaining 55 non-boreal or more southern species may be dealt with. 

Distribution of' Fifty-five Southern ' Species of the Anglo- 

Scottish Group. 

These are mapped by themselves in Diagram 3, and while many of 
them extend into southern Scandinavia, most are representative of the central 
and south European flora. Five are classed as ^southern’ members of the 
British flora by Stapf ( 1914 ), i. e. they do not enter into the composition of 
the flora of Central Europe, but have a distribution which is essentially 
south-western. These are Brassica monensis, Huds., Ulex nanus, Forst., 
Bmicus gummifer^ Lam., Genista anglica, Linn., and Limonium vtdgare, 
MilL To these may be added Polygala calcarea, Schultz. They may be 
regarded as having become constituents of our flora by migration from the 
south, thus linking upwith ‘ Peninsula * and 7 ChanneH species of the 
entirely ^ English ’ group, but they differ from these in ranging over a wider 
area, since they have penetrated northwards into Scotland. 

:'It, 'wilt " be ; seen' from Diagram. 3, however, that the majority of these, 
,55 species'.are found most ,'gene.rally. in the south-eastern part of England, 
from the Bristol Channel to the Humber. In Europe over 90 per cent, of 
the number is recorded from France, Spain, and Belgium, Limmi perenne, 
Linn., and Potamogeton Fryer, being the only two members of the 

■grdup;;,nbt;repdrted:ffiom''France..'''''Tr're-immigrati6n into B'ritain""from''This'' 
th is postulated,;E' heaping^ up', of species"in ;south"hhd:;; 
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south-east England is not unexpected. It would almost appear, in fact, that 
Diagram, 3 could be interpreted in terms of Diagram i. Allowing for 
minor fluctuations, the same general features are obvious, notably the con¬ 
centration of species in the south-east with a thinning out westwards 



Diagram 3. Vice-comital distribution of fifty-five southern species of Anglo-Scottish element 


and northwards. ■ But in, the case of. the .southern members of' the Anglo- 
Scottish, group ,a greater extension of range has been effected, so that they 
appear o,ver a' larger part, of England and'extend into Scotland' as,'welL 't 
, ''.While. the\ general 'trend," of .'migration' is obvious,, the, precise: 'direc..t'ions 
from , which these' species may have reached Britain, and^ the'pbints .'at which 

3 
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colonization was first effected, are more difficult to determine. Only when 
plants are at a relatively early stage in the process of spreading over a given 
area is it possible to trace with any degree of certainty their lines of dis¬ 
persal® There are a number of relatively thinly populated districts in the 



Diagram 4. , Provincial distribution of fifty-five southern 'species of Anglo-Scottish element. 


otherwise'''rich''soiith-eastern half of England, as mapped in 'Diagram 3, 

. which may indicate'larger steps than are'general in the process of spread or 
'local extermination within areas once,.'.occupied—an event which must not 
be overlooked despite the small number of recent plant extinctionsJii'Britain,' 
about six according to Druce ( 1920 ), since 1597® . ' 
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Ifj however, larger areas than Watsonian vice-counties are employed, the 
geographical connexions, become clearer. Diagram 4 has been constructed 
for this purpose. All but one of the 55 southern species occupy the Thames 
and Ouse provinces taken together, the absent member being Brassica 
ffionensis^ Huds., a western species extending from South Wales to Arran 
and Cantyre. Of the remaining 54, Centaurium vulgar Rafn., and Potamo- 
geton falcatus, Fryer, have not been recorded from the Thames province^ 
and Cardamine bulbifera, Crantz., and Daucus gummifer, Lam., are absent 
from the Ouse, although the latter (essentially a western species) occurs as 
an outlier on the Yorkshire coast. The Channel province is almost as rich 
w^ith 51 species, while the Trent area comes next with 48. The Peninsula 
province, with 47 species, has an almost equally large number, while the 
Severn has 45 and the Humber 43. All the other provinces or sub¬ 
provinces, as may be seen from Diagram 4, have each fewer than 40 of the 
55 species admitted, the numbers falling markedly in the north and west of 
Scotland. In general terms the figures in Diagram 4 agree with Dr. Willis’s 
hypothesis of ‘ Age and Area providing a further instance of the applica¬ 
bility of that theory of distribution to a particular portion of the flora of 
Britain. 

Regarding the distribution of these 55 southern species during Pliocene 
and Pleistocene times, we have, unfortunately, very little information. Only 
one member of the series, Stellaria aquatica. Scop., is known to have existed 
in Britain during pre-glacial and glacial times. This plant is widely dis¬ 
tributed in Europe, and in Britain it occurs as far north as Stirling, but is 
absent from the south and west counties of Wales. Its association with 
arctic species in late glacial deposits may point to survival during the 
rigours of the Ice Age, at least in South Britain, yet there can be little 
doubt that it, along with others, has advanced northward since the ice-sheet 
receded. But whether the source of dispersal during the post-glacial period 
was within England or beyond it, the majority of the 55 species we are 
considering have now come to occupy the whole of the south-eastern part 
of the country, for 41 of them are common to the five provinces—Peninsula, 
Channel, Thames, Ouse, and Trent. It is this width of range, as' has 
already been pointed out,, that makes it im-possible to determine the exact 
migratory paths which these species have' followed. But if dispersal be 
a, gradual process, working even roughly according to the, * Age and Area' 
■principle,, there' should , be some slight indication of the scheme, in the 
distribution of the remaining 13 species ^ throughout this area. Their range 
is as follows: 

7 occur in four provinces ; 

5 occur in three provinces; 

I occurs in two provinces. 


^ Srmsica momnsis is absent from the area* 
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Although the number is small, it may be worth while to examine the 
distribution of these 13 species a little more closely* None of them is 
common to the Peninsula and Trent, the most widely separated districts of 
the area under consideration. The Ouse and Thames provinces have each 
II of the 13 species, the Channel has 10, the Trent 7, and the Peninsula 
6 , The figures showing the relationships among the five provinces specified 
are set out in Table I. 


Trent. 

7 

6 

4 

o 


Ouse, 

7 

II 

9 

8 

4 


Table I. 


Thames, Chamiel, Peninsula. 

64 o 

984 

II 9 5 

9 10 6 

S 6 6 


The ^ Age and Area ’ hypothesis could be applied to these figures since 
each set shows a decrease from a maximum, but the numbers are too small 
in themselves to provide a basis for argument. They are of interest, how¬ 
ever, in so far as they fall into the general scheme illustrated for four 
provinces in my earlier paper dealing with the much larger assemblage of 
plants restricted to England, and here given for comparison. 


Ouse, 

Thames, 

Channel, 

Peninsula. 

142 

108 

loi 

63 

loS 

144 

116 

73 

loi 

116 

157 

89 

89 

65 

75 

117 


Such findings suggest certain areas of establishment and subsequent 
spread in different directions. Thus,, from Table I, the 7 Trent species 
might be expected to have had an eastern centre of dispersal, while the 
6 Peninsula species are more likely to have arrived from' the south. This is 
borne',out in a general "way, though not with absolute certainty in every case, 
from an ' examination of the continental and British distribution of the 
several 'species, the 6, Peninsula plants being Cardamine Crantz., 

Silene conica,\Atxx.,, XJlex nanus'^ox%t,^ DaiiCusgmnmifery Lam., Centaurium 
vtdgare.) 'Rafn., and Glyceria procumbens^ 'while ' the 7 Trent species 

'Fumarm Vailiafttii^ Lois., Arabis perfoliata^ Limim. perenne^ 

Cimi.y Armseris pusilla^ Gaertn., Myosotis sylvatica^ Y{<:>idm,y Potamogeton 
zosterifolius.,^&i.\km.^ 2 X\A P. falcattis^Fxytx. 

''. With these'indications of dispersal in different directions within England 
.dt^wddid./not be \surprismg to, .find *<31000 we are dealing with plants that 
have extended into Scotland) that some have moved northwards along the 
;:'::ea^v;Obast,,':’#hil^;''bthers:'may"'have\extended,''th , .range' in' a ■■nO''rth-west'' 
direction. Diagram 4 again indicates"the,main outlines,.and if we examine 



Portions of the British Flora. IF 717 

the data from this point of view^ we find that, of our 55 species, 15 are 
reported .from the eastern counties of Scotland only, 9 from the western only, 
and 31 are common to both. The general trend of the northward migrants 
is thus indicated, some reaching Scotland in the south-east lowlands, others 
finding their way into the south-west of the country. A gradual extension 
northwards can be detected for the majority, for they show little or no 
discontinuity of area. On the other hand, a few do exhibit discontinuous 
distribution. In some instances this may be due to an adventitious origin, 
since such plants as Ftmiaria Vaillantii^ Lois, (recorded from Linlithgow), 
Chenopodium vulvaria^ Linn, (northwards to Fife), and C.polyspermmn, Linn. 
(Berwickshire), are found on cultivated ground or in waste places. But the 
circumstances seem different in the case of other species, Hypericum 
montamim^ Linn., illustrates a relatively small gap between English and 
Scottish stations, the plant being fairly general in England northwards to 
Durham and Cumberland, appearing in Scotland in Ayrshire. Cardamine 
bulbifera^ Crantz, a local woodland species in South-east England, has an out¬ 
lying station in Stafford and is regarded as native in Ayrshire. The range 
of Ulex nanus can be traced from the south of England to Cheshire, 

North Wales, Isle of Man, Kirkcudbright, and Dumfries, but its occurrence 
in Caithness (recently reported as an apparently indigenous plant there) 
affords an instance of a rather large gap in an otherwise fairly continuous 
south to north range. In Europe, the species is native in France, Spain, 
and Portugal. Again, Polygala calcarea, Schultz, is generally distributed in 
the south of England, whence it takes a big step to West Sutherland. It is 
a plant of dry chalky places, and on the Continent it is essentially south¬ 
western in its distribution. 

These few examples,piiustrating varying degrees of discontinuity, serve 
to check any assumption that all species spread outwards and establish 
themselves from some centre of dispersal by small and gradual stages. 
They point rather to the establishment of the same species at isolated 
localities within a, given region, thus rendering possible further spread' from 
more than one area. In this way, doubtless, some of what are now our 
commonest plants have become dispersed throughout the whole of Britain^ 
and the process may be followed at the present time by tracing the progress 
of recently arrived aliens. 

These observations naturally lead to the ‘ single species ’ criticism of 
Willis’s theory of distribution, for the application of which its author holds 
that groups of ten, at least, must be dealt with, never a single species. The 
theory,, especially some of its later developments, has been, freely discussed 
and'criticized,, but the simple idea with which'the hypothesis .commenced 
has not been disputed. ■ In, broad outline the distribution of numerous'.floras' 
has been, shown, to, agree, with the general principle that the . ,longer ,a. group 
of species, exists the , greater will ,be the 'area Gceupied. .'.' More.over,:' if'the' 
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flora be limited, such as the ^English' element in the British flora or the 
non-boreal element among Anglo-Scottish species, the analyses appear 
more convincing. But the entire British flora as it exists to-day does not 
conform to the general rule, and, as might be expected, among the most 
prominent exceptions are the alpine and arctic species which constitute the 
northern and montane element of our flora, although Willis (1923) suggests 
that at its time of spreading this element also followed the ^ Age and 
Area' rule. 

Distribution of Fifty Boreal Species of the Anglo-Scottish 

Group. 

The mass distribution of those species recorded from Britain but absent 
in Ireland, which are here classed as boreal, is shown in Diagram 5. 
Naturally it is to the highlands of Scotland that one looks for the greatest 
concentration of these plants, although considerable numbers are found in 
North England and North Wales. All occur in Scandinavia except Crepis 
succisaefolia^ Tausch., and Symphyitim tuber Linn., both of which 
certainly exhibit a northern tendency in Britain, even if they cannot be 
termed arctic-alpine. As many as 38 are reported by Norman ( 1895 ) from 
the north of Norway within the Arctic Circle. Not a few are circumpolar, 
being known from North America, Greenland, Arctic Europe, and North 
Asia. Generally speaking, they represent a portion of what has been 
called the Scandinavian element of our flora, the existence of which in 
Britain was attributed by Forbes to migration from Scandinavia during the 
glacial period. But most of these plants reappear in Central Europe—only 
one, Cerastitmi arcticum, Lange, being absent—leaving a considerable 
intervening area where many of them are unknown. The increasing fossil 
record (Chandler 1921 ) goes far to show that they did exist within this area 
during the Pleistocene, and this recent evidence adds substantially to that 
derived from present distribution in support of the old, well-known theory of 
a former widespread southward migration. It becomes a question, however, 
whether the occurrence of arctic plants in Britain is due to their becoming 
stranded during the migration from the north, or to re-introduction from 
non-giaciated parts of Europe after the retreat of the northern ice-sheet. 
It "is a further question whether .some of our boreal plants did not have 
their origin in the alpine districts of Central Europe, wherefrom they 
accompanied'originally .arctic species in '.the homeward migration when the' 
TceTecededf : . Much information is necessary before these. questions can be 
"'discussed.'fully. 

; .Not Infrequently .the areas in 'which -a number uf our boreal .species occur 
;:are:v.0f ..limited' ':extent,,alth.ough:'a,jine'.d:rawn round: the whole' region■''w.ithin,' 
which the plants are known to grow wo'uld in' some'instance's'.include'' the 
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greater part of the Northern Hemisphere. This is taken to indicate age, 
and the boreal members of the Anglo-Scottish group of plants are regarded, 
on the average, as older within Britain than the southern members of the 
group. Disintegration of area there has been, the result of climatic change, 



Diagram 5. Distribution of boreal species of Anglo-Scottish element. 


these fluctuations being well described' in'a recent book by BrookS"( 192 ^). 
The post-glacial changes in the' vegetation/ have been, fully ■ studied,' by 
Lewis ( 1905 Ti), whose investigations show that since the' close, of the Tce' 
Age climatic conditions have varied sufficiently'to favour,'at■.■■one,'''ti 
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extensive development of forest, at another a widespread formation of peat» 
It is known that changes in the distribution of the Scots Pine, for example, 
have followed these fluctuations in climate, and doubtless sylvestral herbs 
were also affected. One knows that within recent times the disappearance 
of forest has led to the extinction in certain localities of Ltnnaea borealis^ 
Linn., Trientalis europaea^ Linn., Corallorrhiza tnnaia^ and Goodyera 
repenSj Bn, to mention just a few^ characteristic British boreal species. 
Again, changes in peat bogs, effected naturally or artificially, have un¬ 
questionably modified the distribution of helophiious species, e.g. Schetich^ 
zerici' palustris^ Linn. Thus, while the glacial epoch was the means of 
adding a considerable arctic element to our flora, the post-glacial period 
has witnessed much disintegration of that element, certain members 
becoming exterminated; while others have been brought to the verge of 
extinction within the boundaries of Britain. 


Summary. 

This paper is the second of a series dealing with the distribution of certain 
limited portions of the British flora. It treats of 105 species which are 
found in Great Britain but absent from Ireland. 

A few remarks are made on the general question of migration, since the 
theory of migration is accepted as'accounting for the close resemblance of 
our flora, as a .whole, to the flora of .Europe. 

In the case of the 105 species -with which the paper deals, the general 
trend of migration from the Continent is-indicated most clearly for those 
members of the group. 55 in number, which exhibit a southern tendency 
within Britain. Their distribution is essentially similar to that of the 
larger assemblage of entirely * English ’ species previously 'dealt with, 
except that they are more widely distributed and it becomes difficult there¬ 
fore to determine lines of'invasion. Certain details are given for a small 
number, somewhat restricted in their range, and these suggest, as before, 
points of invasion and establishment round our south .and east coasts. 

Thc' extension northwards into Scotland is then briefly considered. 
Most of the species show a fairly continuous range, but' some exhibit, 'con¬ 
siderable gaps' between their E,nglish and Scottish .stations. This may' 
result 111 'spread from ' more than ■. one centre,.and in different directions, 
leading to .complications in terms of the 'Age and Area' principle when 
a flora.is take,nas a whole. 

,' The'remaining 50'species, found most frequently in Scotland,, are-classed' 
aS' borealV -. In' respect 'of their- occupation of the coimtry, they are' regarded 
'as older than-the'..55,southern .species." The majority.of,tkem' are-,arctic,' 
,aiid, ,a 'number are known' from glacial deposits in South .E'ritain,,. where, they 
„.:ma.y' .have... .su,rvived'„ ,lhe ,',rigQu:rs.-',of '.maximum'' .gIaci'at,ion or,.' if they '.migrated' 
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farther souths they were re-introduced when an arctic-alpine flora moved 
northwards on the reti*eat of the ice-sheet. Post-glacial fluctuations of 
climate have led to localization of many of our boreal plants, so that they 
now show discontinuity of area. 
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The Formation of Plant Growth-promoting 
Substances by Micro-organisms. 

BY 

FLORENCE A. MOCKERIDGE. D.Sc., F.L.S. 

From the Dspartmejii of Biology, University College of Swansea, 

T he attention which has been attracted during the past few years to 
the subject of vitamines in connexion with animal and human nutrition 
has resulted in the conclusion that, since the animal is ultimately entirely 
dependent on the plant for its food, it is similarly dependent for its vitamines^ 
which are apparently synthesized in the main by the green parts of plants 
(10), although they also appear to be present in chlorophyll-free parts such 
as onion root, and in chlorophyll-free plants such as Agaricus cmnpestris 
and Monoiropa unijiora ( 25 ). This work has had the effect of directing 
a certain amount of attention to plant nutrition from the point of view of 
accessory food factors, and although the methods of nutrition of the plant 
and the animal differ so fundamentally in character, there arose the 
suggestion, based on numerous observations, that growth-promoting sub¬ 
stances may play an important part in plant nutrition. 

The researches of Bottomley ( 3 , 4 , 5 , 6, 7 , 8, 9 ) have established the fact 
that small quantities of organic materials have a very beneficial effect on 
the growth of various plants. In fact, the results of his work go farther 
and indicate quite clearly that, without the organic materials, the plants 
with which he worked cannot attain their maximum development* 

Acknowledgement of the value of organic materials in plant nutrition 
appears to be the result of the observations of other workers. Allen ( 1 ) 
working with the plankton diatom Thallassiosira gravida^ Cleve, has shown 
that a satisfactory culture cannot be obtained in an artificial 'sea-water’ 
obtained'by dissolving, in the requisite quantity, the inorganic salts which 
are' found in the natural sea-water. Something essential to healthy growth 
is ,lacking from such a medium, and, in the words of the author, it is quite 
probable that the, deficiency is a 'somewhat stable organic compound 
which is apparently supplied by a small addition of natural sea-water. 
Linossier ( 17 ), pointed out thd.t Mycoderma vini showed a marked acGelera- 
tion of growth on the addition of ■ ‘ vitamines ’ to the culture medium, and 
that Gther fungi, as' Oidium lactis, respond to, the addition of such substances 
in /orange"j,nice,,'especially when grown.in a deficiency/ of iiutrients.,' The 
requirements of' Saccharomyces in this 'connexion'./have been/,,the ■:'s,ubjec't 
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of much discussion since Williams ( 30 ) announced that this organism is 
a source of the animal vitamines. The publications of Bachman ( 2 )^ 
Fulmer^ Nelson, and White ( 14 ), Nelson, Fulmer, and Cessna ( 24 ), Fulmer, 
Nelson, and Sherwood (13), MacDonald ( 19 ), MacDonald and McCollum 
(20), Heller (16), Funk and Dubin ( 15 ), and Eijkman, van Hoogenhuijze, 
and Berks (11), all deal with the question whether the organism synthesizes 
the whole of the vitamines which it contains, or whether it requires some 
initial supply in the culture medium; and this point must be regarded for 
the time being as unsettled. 

In connexion with the higher plants, Robbins ( 26 ), experimenting with 
corn root-tips, found that for their proper growth some substance is required 
which is not found in an ordinary nutrient solution, but vrhich can be 
supplied by the addition of peptone or autolysed yeast, but not by 
a carbohydrate. Livingston ( 18 ), in a series of experiments on the effect 
of manure extracts on plants growing in water culture, admitted that the 
organic material was a most important factor, and Wilkins ( 29 ) has much 
more recently stated that there is at present in organic manures some 
important organic factor over and above the ordinary inorganic chemicals 
from which marked benefit to the crop is derived. The author (21 and 22) 
has shown that these important organic materials not only affect the soil 
bacteria, but are also most probably the products of bacterial action in the 
organic material of manures, for organic substances which had the power of 
promoting growth were extracted from all the well-known and frequently 
used organic fertilizing materials, and the greater the degree of bacterial 
decomposition which the material had undergone the greater was the 
proportion, as measured by their effect, of these substances, which 
Bottomiey ( 5 ) has called ‘auximonesb In all probability, therefore, the 
normal green plant obtains its growth-promoting substances from the soil 
organic matter, from which they are liberated by bacterial action; by their 
aid builds up its own body substance, in the course of which process it 
manufactures the ‘ vitamines which are then passed on to the animal'in the 
form of plant food. . The work of elaborating the growth-promoting sub¬ 
stances is ■'therefore thus relegated to the soil bacteria. 

The question arose as to whether these plant-auximones are actually 
products of the bacteria themselves, i.e.'manufactured in their own bodies 
■'and'..excreted to the exterior, or whether' they are merely degradation 
.prod'ucts of the organic debris in which the bacteria are working, ■. In this 
coimexiO'n .Bottomiey ( 7 ) has shown that a crude extract of 'ordinary peat, 
'.which co.Jit'ained derivatives , of , nucleic acid, , as well as. small quantities, of 
the sodium salt.of the add itself,'presumably derived from the, nuclei of the 
"plants originally 'C'Omposing.the peat, has an' auxiraonic effect on thC'growth' 
of, plants in , water, culture. ■ -The author ( 22 ).has similarly found'.'that" alTthe 
■ extracts.;of organic:"„inamreS', which .hada/growth'-promotingefieGt contained 

also these. nucleic a.cid'derivatives, and,'.the ■greater.. the effect':,.sh'Ow.n, the 
, greater was .the proportion of these-materials.:: , .Obviously .'it(does.".not 'follow- 
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that these substances are the auximoneSj nor, if they have a growth* 
promoting effect, that they are the only ones, for all the liquids so tested 
were crude extracts of complex organic composts, which would contain 
a variety of materials; but, on the other hand, it seems not at all unlikely that 
these substances would have the effect of increasing the growth of the 
plant, since the most marked result on the appearance of the tissues of the 
plants supplied with these materials is shown in the increased size of the 
nucleus, of which nucleic acid is an important constituent. It therefore 
appears that the organic matter of the soil contains degradation products 
which have a growth-promoting effect on ordinary green plants, this effect 
being especiall}^ marked on the nucleus. 

On the other hand, some, at least, of these auximone materials may be 
directly products of the bacterial metabolism, which are excreted by the 
organisms and absorbed by the plants. That this is so was proved by 
adding the sterilized cultures of certain bacteria to the culture solutions in 
which plants were growing ( 7 ). The nitrogen-fixing bacteria, Azoiobacter 
ckroococcum and Bacillus radicicola, were tested in this way, and it was found 
that certain products of these bacteria have a growth-promoting effect on 
green plants. 

The first striking results which led, in the case of Bottomley and the 
author, to the original conception of the probable functioning of accessory 
food substances in plant nutrition, were obtained with a material prepared 
by treating peat with certain decomposition bacteria, followed by nitrogen¬ 
fixing organisms. Small quantities of the watery extract of this material, 
when added to the usual solutions of inorganic salts used for the growth of 
plants in water culture, gave increases in growth equal to many hundred 
times that which could be accounted for b}-^ the effect of the additional actual 
food materials present. There were present in this material, however, sub¬ 
stances which might act as auximones which were derived from two sources— 
the peat and the bacteria. It appeared possible that ingredients from 
either or both of these sources might function as auximones; and, further, 
it seemed reasonable to suppose that if the nucleic acid derivatives have 
a stimulating effect on plant growth, they most probably function mainly as 
nutrients in that they supply small quantities of materials essential to nuclear 
elaboration, rather than as auximones in the accepted sense, functioning in 
a similar way to the vitamines. 

It was assumed that in the case of a material acting as a nutrient, the 
effect produced, on the rate, of,'plant growth' would be proportional to the 
amount of this ingredient supplied ; while, on the other hand, in the case of 
a .material'functioningdn the same way as the vitamines in animal nutrition,' 
so long as the necessary minimal quantities of the auximone be present, any 
further additions' would probably not ■ result in a proportional ,'increas,e in' 
effect, though'such additions would probably operate to a certain'extent.'",, 

■ In, order:'tO:,test, in . this, w'ay "the.'probable' fu,nctio,n',':,of.' both,', the;,.crude 
nucleic,'acid'.derivatives and the products 'of ,'the'''nItrog€n-.fixing, organisms, ' 
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a series of culture experiments was made with Lemnci Minor on the lineS’ 
which have been set out pre\housIy by Bottomley and the author. 

This particular plant was chosen because, in the first place, it is a water 
plant, and therefore, in growing in water culture, it would be growing under 
approximately normal conditions; and, in the second place, it propagates^ 
itself vegetatively so rapidly that a fairly accurate measure of the rate 
of growth can be obtained by counting the shoots. 

To carry out the experiment, seven series consisting of five round, flat, 
glass crystallizing dishes were arranged, into each of which was put 150 c.c. 
of Detmer’s culture solution, containing all the essential inorganic ingredients 
for plant growth. Series I, containing dishes Nos. 1-5, served as a control 
set, for here the plants were growing in inorganic materials only. To 
each of the dishes of Series II, which were numbered 6—10, were added 
the crude nucleic acid derivatives from raw peat in the proportion of the 
extract from i grm. of peat per 350 c.c. of solution, or 4 grm. per litre. To 
the dishes of Series III and IV, numbered TI-15 and 16-30, was added 
a similar material in the proportion of the extract from 1 grm. of peat per 
500 C.C., or 3 grm. per litre, and the extract of i grm. per litre respectively. 
To Series V, VI, and VII, numbered respectively 31-5, 36-30, and 31-5 
was added a culture oi Azotobacter in similarly varying proportions. In 
order to obtain this, a pure culture of Azotobacter chroococctmi was grown 
upon an agar medium and the gelatinous growth carefully scraped off and 
weighed. It was then sterilized by heating in the autoclave at a tempera¬ 
ture of 140° C. for three successive periods of half an hour each, with 
two-hour intervals. Sterile distilled water was added, and the whole 
mass thoroughly broken up by vigorous shaking in a shaking machine for 
several hours, until a uniform suspension was obtained. Chloroform was 
added td.the material to prevent bacterial contamination. Aliquot portions 
of this suspension were then added to the various dishes in the separate 
series, the chloroform having been evaporated by gentle, heating, so that 
Series V contained i grm. of the gelatinous Azotobacter 'gro>vth in every 
;500 c.c. of culture'solution, or 3 grm. per litre; Series VI contained i grm.. 
per 1,000 c.c., and ,Series VII, one-grm. per 3,000 c.c., or 0*5 grm. per litre. 
Ten similzv plants of Lemna minor were then counted out into each dish, 

■ and the dishes were covered, to the level of the liquids, ■ with paper which 
was black on the inner side and white on the outer, in order to cut off light 
from' the bottom and'sides of the dishes, but at the same time to avoid the 
rise ill" temperature ..'whiGli would follow the absorption of heat by uniformly 
black paper. " , . . 

At the' same time,, three hundred similar, plants were counted'out, 
thoroughly, washed, placed, in; a tared vessel and dried ,at loo*^ G. until the,ir 
'Weightwas" constant. this way a: m'easure of the ave.rage 'weight pet 
plant at the beginning o'f'the experimentwas'obtained.,,,'^' ^ 

The whole series of dishes placed in a greenho'use and ■ kept . going; 
for nine weeks^ In order, to preventtas mu'ch. as; possible, bacterial,''act,i,on 
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and the growth of small algae, as well as to niaintaln uniformity in the con¬ 
centration of the solutions, the latter were changed twice weekly, the plants 
being carefully washed at the same time with conductivity waten All 
solutions were made up and all operations carried out with this conductivity 
water, in order to avoid any possible toxic effects from ordinary distilled 


Table L 

9 


No. of Plants at End of 



Dish 

1st 

2nd 

3^^ 

4//^ 

^ik 

6fk 

7/-^ 

8tli 

gt/i 

Series. 

No. 

wk. 

wk. 

wk. 

wk. 

wk. 

wk. 

2uk. 

wk. 

wk. 

L Detmer’s 

I 

19 

42 

80 

100 

120 

160 

176 

216 

332 

solution 

2 

21 

50 

104 

140 

144 

160 

200 

224 

248 

(control). 

3 

21 

43 ^ 

88 

loS 

136 

200 

224 

340 

256 


4 

20 

42 

93 

124 

168 

184 

193 

340 

264 


.,5 

21 


io8 

132 

160 

324 

208 

348 

248 


Mean 

20^4 

45.6 

94.4 

120.8 

145.6 

1S5.6 

300.0 

233-6 

249.6 

11. Detiner’s 

6 

25 

75 

236 

392 

664 

1)336 

1,984 

2,848 

2,976 

solution + 

7 

H 

85 

25d 

428 

744 

1,368 

2,120 

2,97^ 

5,216 

crude nucleic 

8 

24 

70 

212 

372 

616 

1,224 

1,856 

2,840 

3,024 

acid derivs. 

9 

22 

72 

224 

360 

560 

1,256 

1^840 

2,832 

3,256 

from 4grm. 

10 

25 

81 

240 

356 

624 

1,312 

2,08 8 

2^904 

3,200 

peat per litre. 

Mean 

24.2 

76*6 

233.6 

381.6 

641.6 

1,299.2 

1,977.6 

2,8So.o 

3,134.4 

Ill* Detmer's 

II 

26 

79 

22S 

356 

520 

944 

1,288 

1,680 

1,904 

solution + 

12 

24 

69 

184 

296 

464 

848 

1,128 

1,656 

1,784 

crude nucleic 

13 

23 

68 

192 

280 

472 

864 

1^208 

1,696 

1,816 

acid derivs. 

14 

22 

61 

18S 

264 

434 

752 

1,096 

1,528 

1,672 

from 2 grm. 

15 

35 

71 

208 

356 

560 

1,048 


2j208 

2,176 

peat per litre* 

Mean 

24*0 

69.6 

200*0 

310.4 

48S.0 

891^3 

I j 346*4 

L753-6 

1,870.4 

IV. Detmer’s 

16 

20 

54 

136 

200 

248 

464 

664 

904 

968 

solution 4- 

17 

21 

58 


224 

352 

53 d 

72S 

976 

1,056 

crude nucleic 

18 

23 

60 

152 

240 

33d 

544 

712 

904 

1,008 

acid derivs. 

19 

19 

55 

152 

200 

296 

520 

640 

944 

1,024 

from I grm. 

20 

22 

66 

164 

234 

328 

576 

672 

1,000 

1,088 

peat per litre. 

Mean 

21*0 

58-6 

352*0 

317.6 

312*0 

528io 

683.2 

945‘6 

1,028.8 

V. Detmer’s 

21 

26 

5 ^ 

132 

212 

336 

504 

680 

960 

1,048 

solution 4- 

22 

22 

56 

128 

196 

280 

472 

640 

808 

896 

3 grm. auto¬ 

23 

20 

52 

124 

180 

280 

424 

560 

776 

8S0 

claved Azoto - 

24 

21 

53 

I 24 

172 

264 

424 

584 

088 

856 

dacter per 

25 

23 

53 

128 

204 

296 

504 ^ 

752 

984 

1,072 

litre, . 

Mean 

22.2 

53-8 

127.2 

192*8 

291.2 

46,5.6 

643.2 

843.2 

950.4 

VI. Detmer^s 

26 

24 

57 

140 

216 

296 

440 

576 

752 

848 

solution' 4 - 

27 

22 

57 

3 16 

176 

232 

424 

568 

672 

738 

1 grm. auto¬ 

28 

'21 

50 

108 

184 

264 

416 

512 

664 

688 , 

claved A so to-- 

29 

20 

50 

loo 

132 

192 

313 

400 

544 

52S 

Imder per 

30 

24 

59 

^52 

213 

296 

464 

656 

840 

960 

litre. 

Mean 

22*2 

54.6 

119*2 

184.0 

256.0 

411*3 

542-4 

'694*4 

750-4 

VII. Detmer’s 

31 

22 

50 

112 

164 

232 

392 

48S 

V 648 

656 

solution' 4- 

32 

22 

48 

104 

180 

232 

' 352 

45 ^ 

552 

568 

0'5 grm. auto- '. 

33 

25 

60 

128 

IS4 

264 

40S 

512 


704 

clziYcd.'A zoto- 

34 

22 

54 

124 

172 

256 

424 ' , 

512 

656 

704' ■- 

lacier per 

35 

22 

49 

io8 

iSo 

232 

376 

44S 

520 

57 ^ ■ 

litre. 

Mean 

22.6 

5,2.2' 

TI5»3' 

176.0 

343.2 

390.4 

4^3*2 

604.8 

: 641.6 


water. Once weekly, at the time of changing the solutions, the plants were 
counted^ and at the end of the third week they had increased in number to 
such an extent in some of the series that they were quartered throughout 
the set, only one-fourth of the pi-oduce from the original ten in each dish 

3 ®' ■■ 'r:- 
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being retained; Vv4iile the remaining three-fourths were washed and dried in 
order that their weight might be estimated. At the next weekly counting 
no reduction was necessary, but at the end of the next week the plants were 
halved, so that the number remaining represented only one-eighth of the 
total produce from the original plants. It was found unnecessary to again 
reduce the number in the dishes before the end of the experiment, when 
a final estimation of the weight of the plants was made by weighing the 
contents of two dishes in each series. The numbers of plants in the different 
series which were obtained at the weekly counting are set out in Table I 
above^ the figures representing the total produce from the original ten. 
plants in each dish, and not those left after the quartering and halving, 

A comparison of the increase in number in fhe different series, brought 
about by the addition of the various quantities of the added organic matter. 


shows the following figures : 

Crude Ntuleic Acid Deri'Z’aiivss, 

Series IV, 

Series III. 

Series II, 

Actual increase in number of plants 

779 

1,62 I 

2jbS5 

over control set 

Ratio of increase 

i' ; 

2*08 : 

3-70 

Ratio of quantity of material added 

I : 

2 : 

4 

Autoclaved Azolobacter, 

Series VIL 

Series VI, 

Series V., 

Actual increase in number of plants 

392 

501 

701 

over control set 

Ratio of increase 

I : 

1*28 : 

1-79 

Ratio of quantity of material added 

I 

2 '. : 

, 


It thus appears that the effect of the crude nucleic acid derivatives is 
approximately proportional to the amount of this material added, while the 
effect of the Akotohacter is by ilo means commensurate with' the quantity 
added, though an increase in amount was followed by an increased effect. 
It is not unlikely, therefore, that the nucleic acid materials do act to a very 
large extent as actual nutrients, supplying some more or less necessary 
constituent to the nucleus, while the material of the AzoiohactBr probably 
fa'nctions; as a true auximone, enabling the plant to utilize to the best 
advantage the food'materials already , supplied. 

, ' A comparison of the dry weights of the various sets, estimated at the 
beginning and end of " the experiment, arid also on the occasions when, the 
sets were halved or .quartered,, shows the following result r 

Table II; 


Time,. 


Drj^ PVt 

. in mg. 

0 

0 

1 

Series 


I, 

II. 

TIL 

./K.. 

V, 

VI, 

V/I 

At beginning of -experimfent- 

10.9 

' 10.9 

10*9 

10.9 

10.9 

10.9 

10.9 

At end of third week .'' 

10.8''.' 

14-1 

13-6 

13*4 

,■ 11*9 

.12.2' 

12.3 

At end of'fiftb.week. 

9*9 

19^9 

20*1 

' '15*5 

I7.-3 

i6*o 

I5'-8 

,.At end of ninth, week , ' , , 

^*5 

19-5 

19*6 

i8«9 

1S.3 . 

18^5 

1.8*9 


Not only, therefore, did the -added ".organic'matter .have ':thc- effect -of 
greatly increasing the rate of vegetative, multiplication, of the- "plant^ but it 
was also instrumental in increasing the-total size-and-weiglit of the iridivi'clual 
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plantsj which became gradually larger and more healthy in appearance as 
the experiment progressed ; while those in the control seriesj which were 
provided with inorganic nutrients only, actually failed to maintain their 
original size and vigour, the new shoots successively formed becoming 
progressively smaller during the course of the experimenL It is note'* 
worthy that the effect of the varying quantities of organic materia! was not 
so marked upon the individual size and health of the plants as it was upon 
their rate of multiplication, for at the conclusion of the experiment the 
weights of the plants in Series 11 , III, and IV receiving varying quantities 
of nucleic acid derivatives were approximately equal, as were those in 
Series V, VI, and VII receiving correspondingly varying amounts of 
Azotobacter material; and at no time during the experiment was there 
a very marked difference between the weights of plants receiving different 
amounts of the same organic material. 

It is obvious from the above figures that at least one of the soil 
organisms, the nitrogen-fixing organism Azotobacier chroococctiin^ has the 
property of producing something which greatly stimulates plant growth, 
and Bottomley ( 7 ) has shown that another nitrogen-fixing organism, 
Bacillus radicicola^ has a similar property. It was therefore decided to test 
another soil organism not concerned with nitrogen fixation in this way, and 
Saccharomyces (yeast) was selected for the purposcj since yeasts occur 
fairly commonly in soils, and are known to supply the animal vitamines. 
Ordinary baker’s yeast was obtained, and a weighed portion of this was 
sterilized in the autoclave in the same way as described above for Azof0- 
bacter^ while another weighed portion was autolysed at a temperature of 
35° C. for 7a hours. Both materials wete thoroughly shaken up in 
measured quantities of sterile distilled water in order to ensure a uniform 
distribution, and a little chloroform was added in each case to prevent 
bacterial action; When required for use aliquot portions of these liquids 
containing the requisite weights of the yeast material were measured out, 
transferred to evaporating basins atid freed from chloroform by warming on 
a water bath, and finally added to the mineral culture solution. 

Three series each consisting of five dishes were then arranged as 
described aboVe, Into each of thetn were put 2bo c.c. of Detmer’s solution, 
and the dishes of Series I, numbered from i to 5, received no further 
additioDi, but served as coMrols. To the dishes of, Series II, numbered 
from '6- to. 10, was added autolysed yeast at' the rate of 0*5 grm. per litre'of 
solution, and to the dishes: of Series III, Numbered; ii tO' 15, autoclaved 
yeast in similar quantity; .Ten plants oi Lmnna minor were counted out 
,, Into' each,'as before, and three tiindred similar plants counted out' for an 
' 'estimation of their, dry' weight. The s.olutions were again . changed ■ twice 
weekly'ahd the plants,counted once, weekly, while the' numbers ' in' all the 
dishes: were redueed.fO'One-fourth''at'the,end of the,'third, fourth,''fifth, and 
, sixth 'W'eeks, and to one-half at' the end of .the s'eventh''and'eighth w.eeks'j the 
discarded plants'being in all cases washed, dried and weight, and their dry 
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weights recorded. At the end of the ninth week the experiment was 
brought to a dose. The total numbers of the plants arising from the 
original ten in each dish at the end of each week are shown in the table 
below: 

Table III. 


No. of Plants at End of 


Seid^es. 

Dish 

1 st 

2 nd 

^rd 

4t/i 

^th 

6ih 


Wi 

^tk 

No. 

wk. 

wk. 

wh. 

wk. 

wk. 

2 ok, 

2 uk. 

wk. 

2 vk. 

I. Det- 

I 

31 

12S 

500 

1,184 

3,200 

6,400 

157360 

25,600 

55,^96 

meBs solu¬ 

2 

29 

100 

376 

912 

2,7.'^3 


147336 

30,730 

47=104 

tion' (con¬ 

3 

31 

iiS 

456 

1,120 

3,073 

6,912 

147336 

25,600 

50,176 

trol). 

4 

30 

94 

268 

624 

2,433 

5,120 

13,824 

237552 

60,416 


. 5 

31 

.104 

34S 

84S 

2,944 

6,144 

13,312 

2+576 

597392 


Mean 

30*4 

loS-S 

389*6 

937.6 

2,880.0 

6,041.6 

147233*6 

26,009.6 

54,476-8 

II. Det- 

6 

31 

155 

444 

1,152 

37712 

11 ,ooS 

33,280 

73,728 

247,808 

mer’s solu¬ 

7 

30 

12S 

344 

SSo 

2.688 

9,72s 

30,720 

68,608 

273,408 

tion + 0*5 

8 

31 

124 

5<54 

1,296 

4,416 

137312 

377376 

98,304 

296,960 

gim. auto- 

9 

3^ 

147 

492 

1,332 

4,096 

12,544 

40,448 

957233 

34771.^6 

lysed yeast 

-10 

30 

152 

552 

1,264 

4,416 

13,056 

41,472 

103,400 

318,464 

per litre. 

Mean 

50.6 

141.2 

467*2 

1,164.8 

3,«65.6 

11,929.6 

36,659.2 

87,654.4 

296,755*2 

III. Bet- 

11 

37 

149 

760 

2,193 

10,240 

33,768 

1491504 

38.5,034 

1,269,760 

mer’s solu¬ 

32 

31 

^55 

620 

1,792 

97I52 

31,232 

148,480 

385,024 

B3 So ,352 

tion + 0'.5 

13 

38 

1S2 

736 

2,144 

9,728 

3B744 

1357168 

319,488 

1,105,920 

grm. auto¬ 

14 

35 

12S 

740 

2,160 

9,856 

3L744 

156,672 

389,120 

1,617,920 

claved yeast 

: 15 

35 

178 

732 

2,144 

9,664 

347304 

158,730 

409,600 

1.392,640 

per litre. 

Mean 

35'2 

158*4 

717.6 

2,086*4 

9,728.0 

32,358*4 

149,708.8 

377.651-2 

1.353,318.4 


A comparison of the dry weights of the plants grown with and without 
the yeast additions, estimated at intervals during the course and at the end 
of the experiment, shows the following figures : 

Table IV. 


Dry IVi. in mg. ^loo P/dnts in Series 


j ■ 

/. 

//. 


III. 

At beginning of experiment 

^ 4*5 

14.5 


U*5 

At end of third week 

13-7 

J3-4 


15-0 

■At end of fourth,'week 

13*2 

, 15-2' 


15-3 

At end of fifth week 

12.9 

16*1 


17-0 

At end of sixth week 

12.3 

17*1'' 


2 7*5 

At end of seventh week. 

II.I 

16*5 


'36*7 

"At end:'Of,eighth week 

9.9 

17*9 


' i8*6 

, At end of .ninth week,, 

8-1 

26.3 

# , 

i6*9' 


thus clearly indicate that the addition of yeast to 
a eulture, medium consisting of inorganic ingredients only is as, effective ; as 
a similar addition of nitrogen-fixing, bacteria. ,;Not' only did the plants . so, 
provided multiply far more rapidly, but they., maintained their individual 
health and .vigour, increasing" upon■ their original . size, as the increase 'in 
■their' dry, w’-eight indkates. ' In contrast: to This, effect, the plants, growing in 
splutions 'containing only inorganic salts ': failed tO' m,,uiti,ply,'■ so . 'rapidly: ,and'' 
also gradually diminished in size, aS'''shown by' their, loss ,cf''w'eight.'''It 
■ follows, therefore, that some prodact"of the .yeast' organisms^ 'is'''effe'Ctive,''.,ns 
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an auximone, supplying the plant with some necessary material without 
which it is unable to attain its optimum development, or even maintain its 
normal health. 

A noteworthy fact is the difference in the effect of the autolysed and 
the autoclaved yeast, the latter producing markedly the greater effect of the 
two. The difference was noticeable not so much in the individual size of 
the plants as in their rate of multiplication, for the plants of Series II were 
to all appearances equal in health and vigour to those in Series III 
throughout the experiment, and this observation is borne out by their dry 
weights, which are closely comparable in the two series. It would appear, 
therefore, that both the autolysed and the autoclaved yeast supply the 
essential aiiximone for maintaining complete health, while the autoclaved 
material contains something in addition which results in a more rapid 
metabolism and therefore an increased rate of growth and multiplication* 

It is well known that yeast is a source of nucleic acid, which occurs in 
fair quantity in this plant, and it has already been demonstrated that 
nucleic acid and its derivatives have a marked effect in increasing plant 
growth. The author ( 22 ) has shown that this add and its derivatives occur 
very constantly in all organic manurial materials, and that the greater the 
amount of decomposition which the manure has undergone, and the 
correspondingly greater the proportion of the original nucleic acid which 
has become resolved into its purine and pyrimidine derivatives, the greater 
is the auximonic effect on plant growth of a watery extract of the material. 
It is probable that in the yeast which was autoclaved for fairly long periods 
at a temperature of 140° C. the nucleic acid had very largely become 
resolved into its more simple derivatives. On account of the resistant 
nature of the nucleic add, it is more probable that such hydrolysis %vould 
have taken place in the autoclaved than in the autolysed yeast; and if this 
be so, then the greater proportion of the simple derivatives in the autoclaved 
yeast would obviously be more effective than the smaller proportion in the 
autolysed yeast, in view of the results quoted above obtained with the 
varying proportions of nucleic acid derivatives from raw peat. 

Having regard to the constant occurrence of nucleic add and its 
derivatives in the other materials which have been shown to have an 
auximonic effect on plant growth, and the similar effect produced by 
Azotobacier ckroococcum^ it was decided to make an investigation of this 
organism to determine whether it contained any nucleic acid or derived 
substance* Details of this investigation are given elsewhere, ( 23 ), and It is 
sufficient to state here that a carbohydrate radical, phosphoric acid, purine 
: and'pyrimidine bases'were all obtained fiom'cultures of'the organism, ;so, 
that whether or not it contains' true nucleic acid, at least all the,'essential 
constltuents\of that "substance are present. .This result has some'significance' 
'■in' view', .of the'fact that "the marked'effect of added 'organic: materials'on the 
size and activity of the nucleus suggests that some nuclear constituent may 
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be involved ; and the fact that extracts from soils and from organic' 
manurial materials of all kinds, all of which contain purine and pyrimidine 
baseSj all have the effect of markedly increasing plant growth, supported by 
the observations of Schreiner, Reed, and Skinner ( 27 ) on the action of 
xanthine and guanine, and those of Schreiner and Skinner ( 28 ) on the effect 
of nucleic acid, hypoxanthlne, xanthine, and guanine tends to support the 
suggestion that some constituent radical or radicals of nucleic acid may be 
the important factor. 

The facts indicated above in connexion with the effect of varying 
proportions of the crude nucleic acid derivatives suggest that these materials 
supply a direct nutrient, and do not function as growth-promoting 
substances in the generally accepted sense of the term. It should be 
pointed out, however, that the work was carried out with crude extracts, 
which would contain other substances in addition to the nucleic acid 
materials, and that it Is therefore impossible to assign any particular role to 
one specific substance. The same applies equally to the Azotobacter and 
yeast material used, and even though, in these cases, it is possible that the 
nucleic acid derivatives may act in this capacity of nutrient materials, there' 
may still be other substances which act as true growth-promoting substances. 
That such substances are actually present in the products of these organisms 
becomes obvious from the fact that the increase in growth which results 
from their addition to inorganic nutrient solutions is beyond all comparison 
with the actual amount of substance supplied. 

In this connexion it is interesting to note that the Azotobacter growth, 
and also a culture of Bacillus radicicola, which has been shown to have the 
effect of increasing plant growth, gave the blue colour-reaction with a 
preparation of pliosphotungstic acid described by Folin and Macullum ( 12 ), 
and which appears to be given by the animal vitamines. Whether this 
effect Is due to the actual purine or pyrimidine materials is uncertain at 
present, but Williams and Seidell ( 31 ) obtained from yeast adenine which 
acquired, by treatment, vitaminic powers, and which then gave the blue 
colour with the Folin-Macullum reagent. It appears probable, therefore, 
that in'the:Case of these micro-organisms, the reaction may be due to the 
purine bases or to some closely allied substance. 

The difficulty of correctly interpreting the results obtained with 
materials like extracts' of peat, Azotobacter^ and yeast, which contain such 
a variety of substances,"renders it impossible, to draw , any definite, conclusion' 
as 'to the actual nature of the plant auximones concerned ; but the significant 
fact Temains. that all the ■'materials which have so' far been shown to have 
this ■ growth-promoting effect on plants’ also' contain, without exception," 
'nuGleic acid'Or'itS' derivatives. The important group of soil bacteria, the 
rntrogen-fixing organisms,' share,,■with';'yeast' the 'prop,erty of elaborating,' 
these substances and also the power of increasing, plant .vgrowth'*' 'W 
the nitrogen-fixing organisms are the only groupof',/soil: bacteria '.'wh 
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carry out tbis important work of producing plant auximonesj is a matter 
for future investigation ; as is also the important question as to whether 
bacteria in general elaborate the essential radicals of nucleic acld^ aiidj if so^ 
the light which this may throw upon their morphology. 


Summary. 

1 . The effect of varying quantities of nucleic acid derivatives on the 
growth of Leimza minor was investigated, and it was found that the effect 
obtained was approximately proportional to the quantity of material 
supplied. 

а. Similarly, an examination was made of the effect of varying 
proportions of a sterilized culture of Azotobacter^ as a result of which it 
appears that the effect, though increasing with the cjuantity of the organism 
supplied, is not proportional to it. 

3. Both autolysed and autoclaved yeast were examined with a view to 
discovering whether they have any plant growth-prouioting power, with the 
result that both were found to have such, the autoclaved material being 
more effective than the autolysed, 

4. Since the yeast material contains nucleic acid radicals, and a crude 
extract from peat containing these materials has already been shown to 
increase the rate of plant growth, an investigation was made of Azotobacter 
to determine whether such substances occur in this nitrogen-fixing 
organism. Purine and pyrimidine bases, phosphoric add, and a carbo¬ 
hydrate were all shown to be present. All the necessary radicals for the 
formation of nucleic acid were thus isolated from Azotobacter, 

5. The Azotobacter groivth gave the blue colour with the FoHn- 
Maculluni reagent, as also did Baczilzzs radicicola^ another nitrogen-fixing 
organism. 

б. The growth-promoting effect of these bacteria maybe due to one or 
more of the nucleic acid radicals present, or to some other substance, but 
all materials so far investigated and found to have this effect on plant 
growth also contain these purine and pyrimidine bases. 

The author . wishes ' to ' acknowledge ■ with gratitude the receipt of 
a grant from the Royal Society for'the purchase of apparatus by the aid of 
which this Investigation was carried out, . 
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A Description of Colletotrichum biologicum, nov. sp., and 
Observations on the Occurrence of a Saltation in 
the Species. 


BY 

H. CHAUDHURI, Ph.D. Lond., M.Sc. Cal., D.I.C. 

(^Department of Botany^ University of PanjabP) 

With Plate XVIII and seven Figures in the Text, 

I N early October 1921 a fungus was collected from the dying stalks of 
potatoes in the garden of the Biologische Reichsanstalt fiir Forst- 
imd Landwirtschaft at Dahlem-Berlin. The presence of the fungus was 
shown by a few black sclerotia on the surface of the stem, but just below 
the epidermis the sclerotia were very abundant. On careful examination 
under the microscope, the sclerotia were seen to bear black setae ; from the 
sclerotia culture was made on potato extract in agar, and a scanty mycelium 
rapidly developed, producing innumerable black sclerotia and a few conidta 
borne Irregularly. These conidla were unicellular, and germinated at once, 
prodi|cing similar mycelia and conidia. Single-spore dilutions were made on 
cover-slips, which were inverted on potato extract agar. As soon as the 
hyphae from the single-spore culture grew out beyond the cover-slip they 
produced black sclerotia. Hanging-drop cultures in distilled water were 
studied; here, too, the spores, after germination, produced sclerotia (as in 
Text-figs. % and 3), but prior to forming sclerotia the germ-tubes invariably 
produced first thick-walled dark chlamydospores (Text-fig. i), and these on 
germinating produced later the sclerotia.- -The size of the conidia varies con¬ 
siderably,; some arelOju,X4/X, while others are 20/xx6ju., the average being. 
T4|xX-;5>t. The sclerotia are roundish-in form, but are somewhat conical, at 
one , end, like the-'fruit, bodies , of many, of,the Ascomycetes- A few -stiff 
bristles' are " always borne: by the sclerotia. as \ already stated. , These 
characters naturally suggest that these .structures are immature' fruit bodies, 
but'tliough- the'fungus-' has been -g.rowmg for, over .seven months in -'different 
media, at , various .' temperatures, ,, no,, perithecia have yet , been found- ; '- so-that 
'|Aii'ila!s-,:of'BotOTy,, yot-.,XX,XVIIL No. CUI. .O.ctober,: 19244 
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they must be considered merely as sclerotia. The size of the mature 
sclerotium is 400-500/1 x 300-360/x, ' 

For five months this fungus produced only sclerotia and scanty coiiidia 
on a weak oatmeal agar, but when placed on strong oatmeal agar it suddenly 
started producing abundant mycelium and acervuli as well as sclerotia 
(Text-figs® 6 and 7). The conidia produced in the acervuli were narrower 
than the conidia borne free on the mycelium, measuring 3*51/ on aver-* 




Text-FIGS. 1-7. i. Germination of a conidiiim and development of a chi am 5^] os pore (;?). 
2. Young scierotiiim developing, 3. Sclerotia more advanced. 4. £7, sclerotia matiTre ; seta 
from sclerotium, 5. Secuon of a sclerotium. 6. Acervuliis and sclerotia. 7. Acervnhis ,com-» 
pressed' beneatli a cover-slip. 


age. Sections-were cut of the sclerotia in all stages of development,, but no 
evidence of their asco.carp nature could be obtained. 

'■' ■None of the species of Ch&/z>/r^k/^^/;/^' hithertO' described from Germany 
has' the characters 'of ■ this fungus* A Colletotrichtim on potatoes has been 
reported' by ,' P. J, 'O'Gara from -Salt Lake Valley, Utah, which he calls .a 
new species,; Colletotrichtim.' SGlmiicolum ' The characteristics- of "thiS'.fungus 
given by .him ( 7 ) m^uch resemble those of the',pres-ent.,form, from which, how.- 
ever,' it differs' in ".having 'two ..distinct, types' of conidia'and^much^ bigger 
'.sclerotia,.' ' From', the , si,milar.::.s,Glerotia-.pr0d'ucing,■.species,,-'viz*,,.; ■C; 
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Pethybndges and C, atr amen tar imn, Taubenhaus, it is differentiated for the 
same reasons. There is very little difference between the three species 
of Colletoirichum described by O’Gara, PethybridgCj and Taubenhaus, 
Taubenhaus (11) says: * It seems evident that Phellomyces sclerotiophorusy 
Frank, is the same as Vermictdaria atramentaiHa^ Berk, and Br,^ and also 
the same as Colletotrichum sola 7 iicolum, O’Gara. However, following the 
rule of priority, the fungus becomes Colletot^nchum atramentaria^ Taiiben, 
Pethybridge (8) expresses doubt as to the reference of Phellomyces to 
Colletotrichum rather than to Spondylocladitmi, Pethybridge has considered 
in this paper Rhizoctinia iabificum of Hallier, which formed sderotia, and 
which he found consisted of VerticUlium albo-atruni (which certainly 
did not form sderotia) and another fungus which really formed the sderotia ; 
this last fungus he described as Colletotrichum iabificum (Hallier parte). 
The descriptions given by Taubenhaus and O’Gara are similar, but com¬ 
paring these with the description given by Pethybridge we find some differ¬ 
ence. In the measurement of the conidiophore O’Gara gives 2-8 jit, whereas 
Pethybridge gives 20-30 ju. Inculturesof the fungus here described theconidio- 
phores are larger in most cases than those given by Pethybridge. It seems 
probable O’Gara’s measurements apply to the segments of the conidiophores, 
hence the difference between him and Pethybridge. A strong reason 
against classing the present fungus as C. iabificum, Pethybridge, is the com¬ 
plete absence of any amethystine fluorescence, which Pethybridge describes 
as characteristic of his species. 

Accordingly it appears most satisfactory to consider it as a new species^ 
wciA Colletotrichum biologicuni is 

Colletotrichum biologicmn, nov. sp., as grown in culture medium: 

Acervulis in gelatina v. Solani tiiberosigy%g?Lm^ atris 200-300 

X 1 50/A, interdum coalitis et ampliatis; basidiis cylindricis septatis 30-601X 
X 4-612; conidiis oblongis rectis plerumque guttulatis 2241 X5i2; setulis 
atris simplicibiis rectis acuminatis usque ad 13012 longis, ad basim 5 a 
ad apieem '212 diam. Mycelio hyalino septato, hyphis^ 3-412 diam. ;■ conidiis 
oblongis, numerosis 14/XX5/2; sclerotiis atris 400-500 /2 x 300 to 36012; 
chlamydosporis atrofuiigineis irregularibus ; appressoriis atrofuligineis. 

' ■ Behaviour OF'THE Fungus'ON Different Media. 

This Tungus was grown in Goon’s synthetic medium ( 4 ). in agar, on 
•which,' from' inoculations'' from; conidia, ' it produed a ■ whitish'; mycelium 
"bearing a'fewfree'conidia but at first no sclerotia (PI. XVI.II, Fig. 2 a).'When' 
Inoculated', however, from;the sderotia it-produced'"sclerotia only, and' very; 
iew conidia: ('Pl. ;XVIII,' 'Fig. 2;''^. ' Later, in ^both cases, 'very minute'black 
bodies'somewhat“'bigger than the'-chlamydospores were''fbrmed.7-''V; 
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Further experiments were carried out to determine the behaviour of the 
fungus towards maltose and asparagm. M/50 maltose agar and M/50 
asparagin agar were inoculated with conidia and also with ^sclerotia. On 
asparagin agar the conidia produced a pure white mycelium but nosclerotia 
for a long time, whereas on maltose agar, under the same conditions, very 
little mycelium but numerous sclerotia were formed (Pi. XVIII, Fig. 3 a, &c.)« 
When, however, these media were inoculated from sclerotia Instead of 
conidia, the asparagin agar medium produced a few sclerotia rvith at first 
a dark and later a white mycelium instead of the wholly white mycelium 
produced on asparagin from conidia (PL XVIII, Fig. 4 b). Inoculation from 
sclerotia on the maltose agar medium produced a meagre mycelium with 
innumerable black sclerotia as before. The meagre production of conidia 
with glucose differs from Stevens’s (10) result in his experiments with 
Helminthosporinm^ and the production of dark-coloured mycelium by 
asparagin and not by maltose is in opposition to his results ; and from the 
experiments carried on, which will be described under the section of 
colour production, it will be seen that it is more of a question of temperature 
than of medium. 

Saltation. 

It grew well on potato-mush agar, oatmeal agar, Coon’s medium, and 
various other food materials. This fungus was regularly grown on agar 
slopes of potato mush and of oatmeal, and transferred to fresh media every 
fortnight, the old cultures being kept. After four months’ culture on oat¬ 
meal agar one tube developed a mycelium with pinkish colour, and from 
that a number of plates on Coon’s medium in agar and on oatmeal agar were 
inoculated. Cultures were also made from the parent tube of the saltant, 
but no second saltation was found. Inoculations from the saltant were 
mostly started from single fragments of mycelium. A small portion of the 
agar, medium with the growing zone of the mycelium was taken out with' 
a scalpel, placed and pressed on a glass slide, examined under the micro¬ 
scope, and a single fragment removed for inoculation by means of 
a', .platinum needle, all being done under aseptic conditions. From'these 
inoculations there developed parti-coloured cultures—portions.' of the 
''mycelium being" white and bearing norm.al large sclerotia' in' concentric 
rings, while other'portions of the cultures in' wedgelike form were pinkish 
andb'Ore small black sclerotia arranged in radiating lines (PL XVIII, Fig. i). 

''From'''these'''Culturesvfresh inoculations were made on'Coon’s medium in 
'agar, both from' the, ordinary, normal large sclerotia and the smaller,ones 
..from'the pinkishmycelium. The ordinary,large sclerotia when transferred to 
'■ 'fresh media produced only the larger'ones (PL XVIII, Fig.,..a)'.'' The smaller" 
ones, however, developed a pink mycelium bearing at„first only small sclerotia.,.' 
but later producing whitish mycelium on which large'.'s,cl,eroti.a,'''developed 
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On oatmeal-agar medium the two strains behave as on Coon's medium^ but 
more mycelial growth with free conidia is produced and many acervuii are 
developed. On potato extract, however, the two strains cannot be differen¬ 
tiated ; when the smaller ones are inoculated into potato-extract agar or 
potato-mush agar, neither the coloured hyphae nor smaller sclerotia in radial 
rows are produced, but only large sclerotia in concentric rings* When, how¬ 
ever, several generations of the new strain have been grown in Coon's medium 
in agar or on oatmeal agar—m which coloured mycelium and radiating 
sclerotia are always produced—^and it is then ti'ansferred to potato extract 
agar, only a few sclerotia in radiating lines are produced on a very faintly 
coloured mycelium. Continued growth, however, on potato extract in 
agar for a couple of new generations leads to the complete loss of colour 
and the production of smaller radiating sclerotia. The behaviour of the 
saltant is never perpetuated in potato-extract agar; after growing the 
saltant for over twenty generations in Coon's medium, when it was put back 
on potato-mush agar and carried through a couple of generations all traces 
of the saltant were lost for good. Mutation in CoHetotrichmn gleosporioides 
has been mentioned by Burger ( 3 ). In his plate cultures of certain isola¬ 
tions of C, gleosporioides he found parts of the mycelium usually in w^edge- 
shaped or fan-iike areas showing a different colour from that of the rest of 
the growth. These variations were continued when transfers were made 
from the modified areas. Burger's Colletotrichum constantly gave off new 
types under natural as well as artificial conditions, and as these variations 
were more or less permanent they have been regarded as mutations. Men¬ 
tion of constantly mutating species, like Burger's, has been made by 
various workers, viz. Egerton, Dastur, Stevens, and others. Egerton (6), 
working with Glomerella rufomactdans^ found permanent variations in 
a number of cases which may be looked upon as saltation. Dastur ( 5 ) 
found his original cultures of Gleospormm piperatum breaking suddenly into 
newer strains, and also that the mutation was a common phenomenon only 
in strains that were recently derived from the perithecia, for he observed no 
sudden variations from conidial strain. Stevens (10), working with various 
species of Helmintkosporiumy found that certain strains of a colony growing 
on an agar plate differed more or less from the rest of the colony, and when 
fresh transfers made to new agar plates these differences were usually 
maintained on succeeding agar plates ; and this phenomenon, which Stevens 
called saltation, was of rather common occurrence. Stevens also lends support 
to Dastur's view of recent perithecial origin favouring variations. The only 
mutation ,that occurred in. this case' was in the fifteenth generation from. '. the' 
original culture after a period of four months. Reviewing mutations which 
'Gccur.les.S'frequ.eotly the work of’Shear and Wood,, ( 9 ) with;C^/w^'r<?/&;is,of ■' 
interest,^'' '. They found important variations or mutation ■ suddenly:';occu,,rrmg '' 
in ' the fourth "'generation, and thus 'W'Us. transmitted';'thrb^^^ a,, . number of 
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generations, but other variations also occurred which have been less per¬ 
manent and have been regarded as finctuations. In a recent paper Bloch- 
witz ( 1 ) reports an interesting case of mutation in Aspergillus t^ersieclor, 
which has usually a green colour. On making gelatin cultures he found in 
one generation three plates which produced a perfectly blue coloration, 
and cultures from these plates gave the blue pure form through over forty 
generations. Though the old cultures had been kept and subcultures were 
always made, no other case of blue coloration had appeared. Discussing the 
colour production, he says it is due to two things : (i) colour in the mem¬ 
brane, and (2) colour in the cell contents. In his mutation there was no 
coloration in the membranes of the conidia or mycelium. The disappear¬ 
ance of colour he ascribes to old age or due to long asexual reproduction. 
But in both cases the changes are very gradual, whereas in his three plates 
the changes were sudden and have been regarded as mutations. 

Dealing with cases in which saltation or mutation has occurred only 
once, as in the present fungus, Brierley ( 2 ), working with Botryiis cinerea^ 
which normally produces only black sclerotia, found in one of his single¬ 
spore inoculations in a Petri dish a mycelium which formed only pale 
sclerotia, and this new form reproduced itself in culture. In the present 
case, though the fungus has been grown for nearly two years, no second 
change has occurred. The first change occurred in a race that had been 
under culture for moi'e than four months. As the change is permanent and 
shows its distinctive characteristics even when grown with the original 
under the same conditions, it has been termed a saltant. Colletotrichufn 
biologmmt has thus given rise suddenly to a saltant or new strain, the 
original being constant in character and never producing small sclerotia, 
while the new strain can produce both large and small sclerotia according to 
external conditions,'i.e. according to the nature of the medium on which it 
is grown. 

The following table shows the result of putting the saltant on potato- 
mush agar from the first up to the twentieth generation. Here O stands for 
the old normal strain, and e stands for the newer strain that has arisen by 
mutation'' from the older one ;' L for large sclerotia and S for smaller 
sclerotia.', „ 


Potato-extract agar 


L L L L 

o & o o 
\ I i I 

L L L L 


L L L L 

Oatmeal agar and Coon’s g g g / 
medium agar \ 

L X 0 L 
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Oatmeal agar at time of 
saltation 


L L L L L 


/ / / / / 
0 0 0 0 6 


\ \ \ \ \ 


L L S S S 


Coon’s medium agar in¬ 
oculated with 0 


L I. L L 


/ / / / 

Q e B e 


\ \ \ \ 
s s s s 


Potato-extract agar inocu¬ 
lated with © of the first 
generation 


L L L 


/ / / 
e O O 



Potato-extract agar inocu¬ 
lated with © of the fifth 
or sixth generation or 0 
of the twentieth genera¬ 
tion 


L L L L 

/ / / / 
©©00 

\ \ \ \ 
SELL 


Daring the ^whole course of the experiment subcultures were made 
fortnightly and the older parent cultures were preserved. When the new 
strain had appeared a number of subcultures were made from the parent 
cultures, but in no case did the second newef strain develop. The newer 
strain had evidently arisen by a single mutation. It is absolutely necessary 
in connexion with the work oh mutation to see that the cultures are started 
either from a single spore or conidium or a small portion of mycelium. In 
the present work cultures both from cohidia and single fragments of 
mycelium were made. The new strain differs from the old one in producing 
coloured hyphae and also smaller sclerotia; these two strains were grown^ 
like the original strain^ dn Cootfs medium in agar, on M/50 maltose agar, 
and M/50 asparagin agar, to determine if they behaved differently. 
Inoculatioh from either into asparagin agar produces coloured ' hyphae and 
some sclerotia arranged in concentric rings (Pi. XVIII, Fig. 4 a), but from the 
smaller ones sclerotia arranged both in concentric and radiating lines are 

produced (PL XVIII, Fig. 44 . 


^ . Production of Colour and its Relation to Temperature. ' 

'Themew strain produces a very bright pinkish colour at'low tempera-' 
:ture, and a black colour at higher temperatures. When the black' mycelial 
growth developed at a higher temperature is inoculated Into a fresh'medium' 
which," is; incubated„:at' a .low'temperature ''the' pink colour''''characteri'Stic'',':,of 
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tlie low temperature is produced. Similarly a black mycelium is produced 
if inoculated from a pink of lower temperature^ but 'incubated at a higher 
temperature. Even when a culture which is growing at a high temperature^ 
and producing the black mycelium, is placed at a low temperature, the new 
growth is pinkish in colour, the black mycelium remaining unchanged. 
When, however, a pink mycelium developed at a low temperature is trans¬ 
ferred to a higher temperature, all the mycelium becomes black, Le* the 
newly produced and the original pink mycelium. The pink colour becomes 
fainter above so® C., and at 22*5° C it becomes almost dark ; at 25^ C. or 
over it is perfectly black. 

Growth and Temperature. 

These two strains were grown at various temperatures, viz. 12°, 14*^, 
16®, 18®, 20®, 22-5°, 25^ 27®, 30®, and 32®, in Coon's normal medium, to 
determine if there was any difference in their amount of mycelial ‘ spread k 
Besides inoculations with two kinds of sclerotia, inoculations from conidia 
were also made. As will be seen from the following table, the amount of 
* spread' was always the same. The following table gives the measure¬ 
ment of the diameter of colonies grown in Petri dishes for seven days at 
different temperatures : 


Temp , 

Parent , 

Saitant , 

Large , 

12“' 

15 mm. 

15 mm. 

15 mm, 

' 

20 ,, 

■ . .20 „ 

20 „ 

16“ 

25 

^5 >? 

25 ». 

28“ 

28 „ 

28 „ 

28 „ 

20“ 

35 „ 

B 5 

35 

'22*5“ 

40 ,, 

40 „ 

40 

25“' 

4*5 „ 

gy „ 

46 » 

27° 

52 „ 

52 „ 

.52 „ 


47 ' 

47 >? 

, 47 

,32“,' 

nil. 

nil 

nil. 


Summary. 

I. Colleiotrichum biologicmn, nov. sp., collected in Germany in early 
October 1923: from dying stalks of potatoes, is described. 

,, : ,2. Only innumerable sclerotia with black setae were found' on it in nature. 

3. The cultural characteristics of this fungus were studied on different 
media and'under various environmental conditions. ■ 

: ' 4. On"potato-mush agar, Cooffs medium, and on''weak'oatmeal agar it 
produced large sclerotia,in concentric rings, scanty mycelia and conidia,' ,but 
on strong oatm,eal, agar it-produced , abundant mycelium'with aceiwul! '''as 
'well, as'.sclerotia.''; 

5'., Asparagin Increased, myceliah growth,,'whereas,; maltose.''increased 
''sclerotia production.: ^ 
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6 . After four months^ culture in the laboratory (16 generations) 
saltation occurred, for it suddenly produced a new strain with a coloured 
mycelium bearing not only the large sclerotia in concentric rings of the 
parent form, but also small sclerotia in radiating lines. 

7. Though the original culture has been continued on oatmeal agar, the 
medium in which it mutated, and also on various other media, for nearly 
two years, no second change has appeared. 

8. The saltation is permanent and keeps its characteristics on Coon’s 
medium in agar, and on oatmeal agar. When grown, however, on potato- 
mush agar it soon loses completely its distinctive characteristics and becomes 
the same as the original. The loss is permanent, for when put back to oat¬ 
meal agar or Coon’s medium it fails to show the characteristics of the 
saltant. 

9. There is no difference between the two forms in relation between 
growth and the effect of temperature. The optimum Tor both strains 
was 27® C. 

10. The production of different colours by the saltant has been found 
to be entirely dependent on temperature. 

The greater part of the work was done in the laboratory of the Depart¬ 
ment of Plant Physiology and Plant Pathology of the Imperial College of 
Science and Technology, London, during 1921-:^. The paper has been 
finally completed in the Botany Laboratory of the Panjab University. The 
writer is indebted to various persons for their kind help. His best thanks 
are due to Professor V. H, Blackman, F.R.S., for his constant interest and 
helpful suggestions. He is also indebted to Dr. E. J. Butler, of the 
Imperial Mycological Bureau, Kew, and to Mr. Ramsbottom, of the Natural 
History Museum, South Kensington, for their help in the determination of 
the fungus. He is further indebted to Mr. Ramsbottom for valuable assis¬ 
tance with the Latin description, and to Dr. Horne and Dr. Brown for 
their many: suggestions and criticisms, and to Mr. Tooley for taking thO' 
photographs'of the culture plates. ■ 

Lahore. ' ■ . 

0£td}er 
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EXPLANATION OF PLATE XVIIL 


Illustrating Dr. H. Chaudhuri’s paper on CoUeiotriclmmhiohgiamu 

Fig. I. Plate-culture showing 'sectoriaU growth, the new strain appearing as fan-like dark 
masses., . 

Fig, 2 a, Conidial inoculation on Coon’s normal agar; white mycelium only produced. 
Fig, 2 A Sclerotial inoculation'on Coon’s normal agar; innumerable sclerotia and .scanty' mycelium, 
produced. 

Fig. 3a.' Conidial inoculation on asparagin agar. - Fig. '3A.' The same on oatmeal agar; The 
white'dots in the centre are-acervuli. Fig. 3^. Conidial inoculation on'maltose agar. 

' ' : Fig. 4 a. Culture , on'maltose agar with'large sclerotia only. , Fig.'4 A, Culture on ■ asparagin; 
agar producing .both large and small sclerotia. Fig. 4.C, Culture on maltose- agar -producing 
both large and-small sclerotia. . 







Effect of Methyl and Ethyl Alcohol on the 
Growth of Barley Plants. 

BV 

AMAR NATH PURI, 

Kotkamsied Experimental StaHon, 

With three Figures in the Text. 

L 

Introduction. 

E thyl alcohol is known to be highly toxic to the protoplasm of the 
cells of the Elodea leaf (1). The effect is believed to be due in the 
main to increased permeability, which results in the exosmosis of the cell 
contents, Seifriz (2) has studied the antagonistic effect of salts on the 
toxicity of alcohol. The results show that, whereas calcium chloride never 
opposes the ill effects of ethyl alcohol on protoplasm, sodium chloride does 
act as an antagonize!*, though not always completely* On the other hand, 
a combination of sodium chloride and calcium chloride acts unfailingly as 
an almost perfect inhibitor of the toxic influence of lo per cent, alcohol. 

The toxicity of alcohol when applied to the roots of plants has 
apparently not been studied. The object of this work was to see how far 
methyl and ethyl alcohol act as stimulants or poisons to barley plants, when 
added to the food solution in water-cultures. 

Experimental. 

Seeds were graded between 0-05 and c-06 grm, 

; The following concentrations' of alcohol in the food solution were 


employed: 


' Series* Ratio of alcohol to water 

' V ' ■: ' ' ■ : I. ■ ' 

I,: 200 . . 

: , a,. 

1:1,000 


■ 1 :5,oco : 

' : '' 4 - 

' I : 25,000 


' ; I : 125,000 . 

■ 6 : 

Gootroi.':,. 

' lAimals of Botaay* Vol, XXXVIII. No, CLIl. October, 1924,]' 

3c a ■■ 
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The amounts of nutrient materials in the food solution were as 
follows: 


KN03 

I 

grm, 

MgSO, 

0-5 

>5 

KH»P04 

0-5 


NaCl 

0-5 

s> 

CaSO* 

c-5 

}> 

FeCi^ 

0*04 

JJ 


To make up one litre. 

The water used in these experiments was distilled in a special still provided 
with a silver condenser ( 3 ). Each bottle contained about 600 c.c. of food 
solution, made up by adding 300 c.c. of nutrient solution of twice the 
strength given above, and 300 c.c. of alcohol solution, containing the 
necessary amount of alcohol. The experiments were conducted ' in 
triplicate, and the results with the two alcohols are presented separately. 

Ethyl Alcohol. 

Twelve days after placing the seedlings in the culture solutions, plants 
in Series i {cone, i: 2,00) appeared smaller than the rest; all others 
were normal and apparently of the same size, &c. Three weeks after, the 
plants in concentrations i: 300, and 1 :1,000 were practically dead and were 
thrown away. The growth in ' concentration i : 5,000 was distinctly 
impaired In concentrations T : 25,000 and i : 135,000, except a faint 
suggestion that the roots were slightly smaller than those of the control 
plants, no ill effects were visible. During the next five weeks, plants 
supplied with alcohol, though healthy and normal, remained slightly shorter 
than the control. In another two weeks, however, all these plants made up 
the' difference and grew in height equal to the control. After a further 
period of two weeks, these plants looked bigger than the'control. It 
appeared, however, that this sudden- growth was entirely confined to ear 
, shoots, other leaves ceasing to grow, and showing signs of dying off. The 
■ ears looked just as good as, or perhaps better than those of the control plants. 
-It'seemed :as if'all the energy was being directed towards the production of 
'ear-shoots.,; „ It was noticed that in Series 3 and 4 (cone. 1:5,000 and 
I :' 35 ,ood), the roots' were- rather slimy at the tips. 

The''aboveresults - suggest ’that, if alcohol be given to plants when 
they have-grown'up to a certain extent, it might have a ■ stimulating effect. 
,This point was tested-and the results are-recorded in. Part II of this investi¬ 
gation. 

„ The plants were'taken out after- twelve weeks, roots 'sep,arated from 
'S,hoots, and' dried. Table""!' gives the' average length of the roots and shoots,." 
; and !h'eir''d'ry' weights. 
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Table I. 


Series. 

Coiic. of 
Alcohol. 

Length 

Root. 

in. 

Shoot, 

in. 

Dry weight (grm.) 
Root. Shoot. 

1. 

I : 200 

— 

_ 

_ _ 

2. 

I : ijooo 

— 

_ 

_ 

3 ’ 

I : 5,000 

6-5 

21*0 

2*30 S72 

2-86 9,56 

4. 

1 :25,000 

7*3 

15*0 

5 * 

I : 125,000 

6*0 

17*0 

3*40' 11.82 

6. 

Control 

e-s 

^ 5-3 

2-55 II-I 5 



Fig, 1 . Average dry weights and lengths of barley plants grown in nutrient 
solutions with different concentrations of ethyl alcohol. 


The above results are shown graphically in Fig. i. There is an 
indication of stimulation in very small concentrations. The lengths of the 
plants do not show any marked difference in the roots. The extra length 
of the shoots in Series 3 (cone. 1: 5,000) emphasizes the fact, pointed out 
before, that the lower toxic doses of ethyl alcohol tend to push forward the 
development of ear shoots at the expense of the vegetative leaves, so that, 
although the average length of plants was greater than the control, their 
dry weights were smaller. It will be seen that alcohol in concentrations 
1 :1,000 and higher is fatal to barley plants, as is apparent from the death 
of all the plants in Series I and a within three weeks. It was also noticed 
that when plants were killed by these high concentrations the dead roots 
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and the surface of the solution were infested with copious growth of 
moulds. 


Methyl Alcohol. 

A set of experiments, similar to the above, was carried out with 
methyl alcohol, the strength of solutions and other conditions being the 
same as in the case of ethyl alcohol. The average, length of roots and 
shoots, as well as their dry weights, are recorded in Table 11 and shown 
graphically in Fig. 'Z. 

Table IL 


Series. 

Cone, of 

Length {inches). 

Dry lueight {^gffn. 

Ako/ioi. 

Root. 

Shoot. 

Root. 

Shoot. 

I. 

I : 200 

3*S 

13-3 

1.60 

7.20 

2. 

I : 1,000 

4’5 

13-6 

1.56 

6*20 

3 ‘ 

I : 5,000 

6-0 

15.0 

2.16 

S.50 

4. 

I ; 25,000 

7-3 

17*8 

2.80 

10.50 

5 ' 

I ;125,000 

6-3 

1S.6 

2*83 

10.26 

6. 

Control 

6.3 

17.6 

2.61 

■ 10.20 



Fig. 2. Average dry weights and lengths of barley plants grown in nutrient 
solutions with different concentrations of methyl alcohoL 


' , , - The ■ essential 'differences' between" the effect, of ,-methyl' and .ethyl 
alcohol' were r 

(i) Plants grew in the presence'^ofmethyl alcohol concentrations'■iip;.to 
I: !3oo, though in higher.'.concentratid'n :;the/ growt'h''''w stunted,;', white'ia 
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the case of ethyl alcohol concentration of i: i,ooo was found to be fataL 
This would seem to show that ethyl alcohol is more toxic than methyl 
alcohoL 

This result is in agreement with that of Vaiidevelde ( 4 ). who studied 
the toxic effects of various alcohols on the cells of the red onion, and found 
that the poisonous nature of the monohydric alcohols increases with the 
molecular weight 

(il) In higher concentrations, ethyl alcohol favoured the growth of ear 
shoots and the suppression of vegetative leaves, whereas methyl alcohol 
favoured the growth of leaves and not the ear shoots. This difference in 
the behaviour of the two alcohols is extremely interesting and difficult to 
account for. 

The difference between the physico-chemical properties of the two 
alcohols is so small that any explanation based on their effect on the 
permeability of cell-walls would be difficult to picture; cf. Seifriz (2). It 
may be noted that there seems to be no other parallel instance of two 
substances, so much alike in chemical constitution as the alcohols, showing 
a radical difference not only in the degree of toxicity but its type. 

II. 

Effect of adding Ethyl Alcohol to Barley Plants 
AT Different Stages of Gro^yth. 

It was pointed out in the earlier part that barley plants supplied with 
alcohol showed a very rapid growth after a certain time. In order to 
elucidate further information with regard to this observation three sets of 
experiments consisting of forty plants each were employed. 

Set A. Alcohol added from the beginning. 

Set B. Alcohol added after three weeks of growth. 

Set C. Alcohol added after six weeks of growth. 

The following concentrations of ethyl alcohol were employed : 

1. 1:200 

2 . 1 : 1,000 

3. 1:5,000 

4. I : 25,000 

5. T : 125,000 

6. 1:250,000 

7. 1:500,000 

8 . Control, 

■ The experimental method' and, 'technique were the same as,,'in the 
earlier work. .,' The general conclusions in Set A, where alcohol was ,added 
■from'the, beginning,,.were, the same as in the previous experiments., except 
that', plantsin '■'',concentrations i1,000, 'although „'they.'",^bnly,, ''developed 
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a single weakly shoot with little leaf growth, managed to struggle through, 
while previously they had all died* The suggestion that alcohol might act 
as a stimiilant, when given to plants at advanced stages of growth was not 
confirmed. It was observed, however, that plants can partly resist the 
poisonous action of alcohol when they are grown up to a certain extent. It 
is Interesting to compare this result with that of Vandevelde ( 4 ), who found 
that older cells withstand the action of the alcohols better than the younger. 
Brenchiey ( 5 ), who studied the toxic effect of phenols on barley plants, also 
concluded that, when once growth is fairly under way and vigorous,, the 
plant can cope with a strength of poison which is most deleterious at an 
earlier stage of development. 

Plants were kept in the culture solution for ten weeks, after which they 
were taken out, dried, and weighed. The mean dry weights of the various 
plants, along with the probable error, are given in Table III. 




Table III. 



Set A, 

Alcohol added from the beginning. 


Com. of 
Alcohol. 

Root. 

Shoot, 

Root, 

Shoot, 

,1. 

I : 200 

— — ■ ■ 

— —. 

— — 

2. 

1 : 1,000 

0.3310.027 

0*91+0.087 

i.24,+ o.ii4 

3 * 

1:5,000 

0.88 0.131 

3-37 0-369 

4.25 “0.50 

4 . 

1 : 25,000 

0.60 C.096 

3-57 0-422 

4.17 0.518 

5 * 

I : 125,000 

1.05 0.093 

5-65 0-213 

6.70 0*285 

6, 

,I : 2 50,000 

1.03 c.oSi 

5.71 0-284 

6.74 0*365 

7 - 

I : 500,000 

I.II 0.109 

5-94 o'328 

7*05 0-437 

8 , 

Conttol 

1*03 o-oSi 

5-53 0-314 

6-56 0.395 


Set B. 

Alcohol added after three 

zmeks. 


Cone, of 
Alcohol, 

Root. 

Shoot, 

Root. 

Shoot, 

I. 

I : 200 

_ ■, 

, — — 

— — 

2. • 

1 ; 1,000 

0.60 + 0-070 

2-28 + 0.194 

2*88'+0.264 

3 - 

1 : 5,000 

1.21 O-IOI 

5*10 0*178 

6*31 0.279 

4 - 

I : 25,000 

2.08 o-o6o 

5*28 0-208 

6*36 0*268' 

5 ., 

■. I : i25,000 ' 

2*32 0-105 

■5.32 0*246 

6.54 0-351 

6, ' 

I ; 250,000 

0-92 0.066 

4-91 0-165 

'5*83 0.231 

7 * 

1 : 500,000 

1-00 0.062 

5-03 0.163 

6*02', 0.225 

S. 

Control 

1-33 0-069 

6-01 0-359 

7-33 0*438,, 


SetC . 

Alcohol added after six weeks. 


Cone, of. 

' ' Alcohol, 

Root. 

Shoot, 

. Root,'..' 

'■ Shoot,..'/' 

I." 

'■I :'2oo. ;'■ ' 

0*99 + 0-051 

4.31+0-238 

5 * 3 o+'' 0 " 289 . 

2. ' ' 

I,: 1,000 ■ 

1-28 0.061 

■■■' '5-360-189' 

'6-64 ''.0'-2.50 

3 ^.' . 


i*ii 0-083 

5.56 0*096 

:'. 6-6.'7 0*179 

4 - 

„ 1;: 35,000 ■■ 

1-24 0-083 

■".. 5*75 :■ 0.232 

'. ,', 6 * 99 ' 

5 . ■ 

I : 125,000 

1.07 0-002 

.■ 0-133 

' 6'-,,31 ':. 0*1.35 

6 , 

i z 250,000 

1-26 0-034 

6.05 0-071 

'.'.'-rSt.'..■ 0 - 075 ' 

'' 7 '. 

:;5oo,000' 

1-37 0*091 

609 0.215 

, 7.46.,' q-30'6. 


' Control ' . 


■,..6-51'., .0-093" 

7.73■.. ,0.2:23 




! 

Concentration- 

on 1 

Ni 

the Growth of Barley Plants, 

Ol ^ Ol CD 

Control 





1500,000 ■ 





■250,000 

^■125,000 





125.000 

f * ^ nnn 

> 




}:!,ODO 


,- 




V-500,000 — 
1:250,000 - 
i:l2S,000 — 
t.25,000 - 


Control 
^:5O0,DOO 
1:250,000 
1.! 25,000 
t: 25,000 

.usooo 

■I;}' 000 

r,.2.oo 




' ,; Fl G. 3. ' Average dry weights. of th,ree series of ' barley plants ■ grown, in nutrient solutions, with 
different concentrations'of .ethyl alcohol added'at .different stages, of growth.'■ a,. Alcohol'added at 
i-lie hemnninff. B. Aicohoi added after' three, weeks. ■ c.'Ako'hol added'after six weeks. ■ 
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The above results are graphically represented in Fig. 3 and bring out 
very clearly the conclusion that the toxic effect of alcohol is appreciably 
reduced when it is administered at a later stage of growth. It will be seen 
that in Set A the poisonous action appeared in concentrations i : 2^55^00 
and higherj while in Set B it is noticeable at concentrations i : ijOoo and 
higher ; whereas in Set C it is observed only in concentration i: 200 to an 
appreciable extent. It may be concluded from the foregoing results that 
when the plant is developed to a certain extent it can resist the action of 
poison much better than in the earlier stages of growth. In studying the 
toxic effect of substances, therefore, it is necessary to pay due regard to the 
age of the plant when the poison is first administered. 


Summary. 

1. Ethyl alcohol is more toxic to barley plants than is methyl alcohol. 

2. The difference in the toxicity of the two alcohols is not only one 
of degree, but of kind ; ethyl alcohol favours the growth of ear shoots and 
the suppression of vegetative leaves, while methyl alcohol favours the 
growth of leaves and not that of the ear shoots. 

3. Plants in their later stages of growth can withstand the toxic action 
of ethyl alcohol much better than earlier in life. 

The work here described was carried out under the direction of 
Dr. W. E. Brenchley, and it is my pleasant duty to record my thanks to 
her for the facilities provided me, and for many valuable suggestions. My 
acknowledgements are also due to the Punjab Drainage Board for the 
grant of the scholarship which gave me the opportunity of undertaking this 
work.. 
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The Antagonism between Dyes and Inorganic Salts 
in their Absorption by Storage Tissue. 


BY 


CHARLES E. T. MANN, M.Sc. 


With eight Figures in the Test. 

T he absorption of dyes by living plant tissues was first systematically 
investigated by Pfeffer ( 12 ), who found that, when various dyes were 
presented in dilute solution to living tissues of a large number of plants, the 
dye was absorbed until the concentration of dye within a living cell was far 
higher than the concentration of the dye in the external solution. It was 
suggested that this phenomenon might be explained on the assumption 
that the dye formed a non-diffiisible compound with some substance present 
in the cell sap. The investigations of Pfeffer were mainly confined to the 
absorption of the dyes from solutions of single substances, but his methods 
of experiment have more recently come to the fore in investigations of the 
behaviour of living tissues towards solutions containing more than one 
substance in which the tissues are immersed. 

That the presence of a second dissolved substance reduces the harmful 
action of a soluble toxin has for long been an established fact. In this 
connexion may be mentioned the work of.Loeb and Gies ( 7 ), who show^ed 
that the addition of a second salt, the chloride of Ca or Mg, reduced the 
poisonous action of NaCI on the development of the eggs of , the marine 
fish Fumlijlus, , , 

Further work on this subject by. Osterhout ( 10 ), mainly concerned with 
the retardation of the absorption’of one salt in the presence of a second 
salt, may also be mentioned.^ 

, .The same phenomenon, also exists in solutions containing organic sub¬ 
stances' and' inorganic salts,: von Eisier and von 'Porthe,im ( 3 ) demonstrated' 
that ' the toxic, action. of .quinine was reduced , by the addition of salts of 

;' To speak"of the, absorption of salts^ as such is hardly correct, for it has been -observed that the 
ions of'a salt'may .be absorbed, at d'iffereat rates. P'urther .reference to, this phenomeno'n'is made on, 
p.',-7da; ' 

'■ C'Aimals of Botany, Vol. XXX VlII. No. Cmi. October, rga 4*} - 
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potassium, calcium, magnesium^ or aluminium to the toxic solution^ Sziics 
(19) also, working with quinine hydrochloride, found that the nitrates of 
potassium, calcium, and aluminium ‘antagonized’ the entry of the organic 
substance into living cells of a species of Spirogyra^ the degree of antagonism 
being greatest in the case of aluminium nitrate. The experimental pro¬ 
cedure employed by Sziics in this work was extended by him (20) to 
an investigation of the intake of aniline dyes in the presence of electro¬ 
lytes. The time taken by a filament of Spirogyra to reach a standard 
coloration when immersed in a solution containing a salt and dye in 
definite concentrations was observed. From the results obtained, Sziics 
concluded that the ‘antagonistic’ action of an electrolyte towards a dye 
depends on the concentration and the valency of the kation. The relation¬ 
ship holding between the time taken to reach a standard coloration and 
the concentration of the electrolyte present approximates to the adsorption 
equation. This fact is put forward as an argument in favour of the theory 
that the intake of the dye is prevented owing to the adsorption of the 
electrolyte by the protoplasm. 

That antagonism is due to a mutual hindrance to the entrance of sub¬ 
stances into the cell receives evidence in support from the experiments 
of Sziics, as the solution containing salt and dye undergoes no change, no 
reaction occurring outside the tissue. 

Using various algae and Elodea, a further investigation of the pheno¬ 
menon was made by Endler ( 4 ), In these experiments only the soluble dyes, 
methylene blue and neutral red, were employed, and only the total amount 
of the dye absorbed by the living tissue in solutions of several salts was 
estimated- It was found that intake of the dye increased at first with 
concentration of the electrolyte present, but decreased on further increase 
in the salt concentration. 

So far in all investigations little account has been taken of the rate of 
absorption, of the salt from a mixed solution of an' electrolyte and a dye. 
Usually the relative concentration of salt and dye are such that the 
molecular concentration of the salt is very much greater than that of the 
dye, and little' alteration would be expected in the rate at which the salt 
enters the tissues in the presence or absence of the dye. 

■ Actual quantitative data on this subject of antagonism, between an 
electrolyte and a dye are few, most investigations having been qualitative, 
in the'' following, investigation an attempt has been made to obtain actual 
quant!tativ,e; data'" of the intake of methylene blue, neutral 'red, and orange 
,G, when'presented'to' living; tissues in the presence of the, chlorides of 
'.ammonium, magnesium,;' aluminium, ■ and , lanthanum'. Throughout' the' 
investigation . the initial quantity ' of ,dye' used w^as', kept'; constant, and', the 
salts were, employed in varymg,;concentrations. 

The work' was^ undertaken at'..the. suggestion of Professor W., Stiles,""and' 
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was carried out in the Botanical Laboratory of University CollegCj Reading* 
The cost of apparatus employed was partly defrayed from a grant made to 
Professor Stiles by the Government Grant Committee of the Royal Society, 
to whom acknowledgements are therefore due. 


Method. 

The essential features of the method employed throughout the investi¬ 
gation were aS' follows: Discs of mangold tissue, 2 cm. in diameter and 
0*1 cm. thick, were immersed in a solution of the dye containing a salt in 
definite concentration. At recorded intervals samples were drawn from 
the solution and analysed colorimetrically, and also, in stated cases, 
chemically. From the results of analysis the quantities of dye and the salt 
taken up by the tissue were computed for a stated time. The necessary 
adjustment of the ratio holding between the volume of the solution and 
the weight of tissue employed was made by removing discs of the tissue 
at the same time that samples of the solution were withdrawn. The 
tissue used in the following experiments was the white parenchymatous 
storage tissue of Beia vnlgaris, \^ar. Sutton’s Yellow Globe. The material 
was grown on a heavy loam soil, and mangolds of approximately the same 
weight were used throughout. Mangold has not previously been us.ed for 
this kind of work, but it possesses certain advantages over some other 
storage tissues. On account of size, mangold roots yield very uniform 
sections, and a large number of these, sufficient for a whole series of com¬ 
parative experiments, may be obtained from a single root A second 
distinct advantage is that no pigment is present which is likely to obscure 
colorimetric estimations carried out on solutions in which the tissue has 
been immersed. The fact that even after three days’ immersion in a solution 
containing orange G' and ammonium chloride the discs of mangold'were 
quite fresh and exhibited a slight increase in weight is sufficient indication 
that the vitality of the tissue is not impaired by a period" of immersion 
lasting ,twenty-four hours, the period over which the bulk of the experiments 
were conducted. 

In preparing the discs of mangold tissue, it was found necessary to adopt 
the following procedure ; The 'mangold "was washed and cut' transversely 
into slices, so that usually six'slices' of approximately lo ' cm. in diameter 
and In thickness were obtained. The outer tissues were removed 

and.the material, placed' in distilled, water in,a dark room.'' After ■ a period 
of twelve ;hours, /cylinders of tissue were cut' from the prepared slices by 
means„'of: a:'well-sharpened cork-borer, and.' fro.m' these, .cylinders' the discs 
were', cut„'On,:,;,a; hand,,m,icrotome., '■'■After 'a further .period.'.of' 'soaking in 
distilled, water,, lasting'.for'approximately twelve, hours,’ the'prepared 'discs 
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were washed in several changes of conductivity water, and lightly dried in 
sets of forty between sheets of smooth white blotting-paper. A single 
set of forty discs was employed in each experiment, and usually approxi¬ 
mately 300 discs were prepared in a single operation as described above. 
This method of preparation of discs of storage tissue is a modification 
of the method elaborated by Stiles and Jorgensen ( 16 ) and Stiles and 
Kidd ( 18 ) in investigations of the absorption of salts by plant tissues. 

Though water is still being absorbed by discs of tissue after a period of 
twenty-four hours’ immersion, further increase in weight is so small as to be 
practically negligible over the period of an absorption experiment. As the 
weights of sets of forty discs varied slightly, experiments were conducted 
in duplicate, and in many instances in triplicate. The average weight of 
a single set of forty discs was 12-^4 grm., calculated on twenty-five 
weighings. The probable error of this mean, calculated on the expression 

P.E. = ^ .\J 'gJgZIJj ’ where is the sum of the squares of differences 

from the mean, and n the number of readings,-was 0*0788. 

A set of discs, prepared and lightly dried as described above, was 
weighed and quickly transferred to a wide-mouthed glass jar of approxi¬ 
mately 400 cx. capacity, fitted with a well-ground stopper and containing 
!^oo cx. of the experimental solution. The jar was placed in a constant 
temperature bath, and samples of the solution were withdrawn at intervals 
of from one to twenty-four hours. On removal of a portion of the solution 
it was also necessary to remove a corresponding proportion of the tissue 
immersed, and this was performed in the following way: The disc to 
be removed was impaled on the curved point of a finely-drawn glass rod 
and raised a little above the surface of the solution in the Jar, where it was 
held in forceps. To remove the small quantity of the solution the disc of 
tissue was gently flicked with the glass removing-rod. This treatment was 
found to be rapid and effective, and introduced no serious source of error. 
'Where only a colorimetric estimation was required, usually 10 cx. of the 
.solution and two discs of tissue were removed. 

In this investigation the dyes used were methylene blue, neutral red, 
and orange G, and in each instance a stock solution containing i grm. per 
litre'was prepared., .The salts employed were the' chlorides of ammonium,■ 
magnesium, and aluminium ; a normal solution of each was prepared and 
stand'ardized agai,nst silver ,nitrate.- A few experiments were also-performed' 
with lanthanum xhloride. From these- -stock solutions, the necessary experi¬ 
mental, solutions-containing d.efi'oite concentrations of'salt-and dye were,. 
prepared"a.s.'re-quir-ed. 

■ - Two, methods of-estimating the saltxoncentration of a solutioncontaining 
salt, and dye were employed, in .the--case of amm-onium-chloride.- ,-In'the,first " 
method, employed when- -.methylene blue was present,,'it-was-found p,ossible. 
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to estimate the salt as chloride in the usual way by means of silver nitrate. 
The dye was precipitated with the silver chlorides leaving a clear yellow 
supernatant solution, and a clearly defined end-point was obtained. In the 
case of solutions containing neutral red, the salt was estimated by a method 
of steam distillation with sodium hydroxide, the concentration of salt in the 
experimental solution being calculated from estimations of the ammonia 
evolved. 

The dyes were estimated colorimetrically, using a Hellige colorimeter, 
a brief description of which is given below. The solution to be analysed 
is carefully run into a small wedge-shaped glass trough which is supported 
alongside a wedge-shaped glass vessel fitted with a well-ground stopper 
and containing the standard solution. The two vessels are viewed through 
a Helmholtz double plate against a ground-glass background. The wedge 
containing the standard solution may be moved by means of a rack and 
pinion mechanism until the field, as seen through the double plate, presents 
a uniform tint. In such a position the colour intensity due to the thickness 
of the standard solution is equal to that of the solution in the trough. By 
using solutions of known concentration in the trough, a standard wedge 
was calibrated for each dye employed, and calibration curves were con¬ 
structed. Preliminary experiments showed that, over the twenty-four hour 
period of an absorption experiment, the most suitable concentration of the 
dye in simple solution was o-oi per cent, by weight, and the standard wedges 
were therefore filled with solutions of this concentration. 

In early experiments, on attempting to estimate the percentage of dye 
in a solution in which mangold tissue had been immersed for approximately 
thirty-six hours, it was found impossible to match exactly the two halves of 
the field viewed through the double plate. On examination the solution 
appeared to be slightly turbid, and the slightest trace of turbidity materially 
affects the colorimetric estimation. This difficulty was not' experienced 
in the case of solutions in which tissue had been immersed for twenty-eight 
hours, and a period of approximately twenty-four hours was adopted for 
each series of experiments. ' 

' In the usual method of procedure the jars containing the experi¬ 
mental solutions and'sets of discs were suspended in the constant tem¬ 
perature bath at and the only shaking they received occurred during' 

the operation'of taking a sample for analysis. Accordingly six jars were' 
prepared containing the same experimental solution,'a solution containing 
magnesium chloride and methylene blue, and three of the jars were placed 
'in a; shaker in a bath at 20'^^ C., while the- remaining three jars were suspended 
in the''Ordinary'way. Analysis showed that the rate of intake'' of , the dye 
'was'more'vapid in the early stages of the 'process where the" solution ' was 
kept^'in'''motion,'''but.; t,be',' ultimate result-'was the same ."in either instance. 
This effect' of 'shaking'is" shown graphically in Fig. i, , 
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Experimental Results. 

As a preliminary to the investigation of the mutual influence of inor¬ 
ganic salts and dyes on their absorption by mangold tissue, it is necessary 
to’obtain data with regard to the normal intake of the dyes and salts used 
when each of these is unaftected by the presence of the other in solution. 
The experimental results, therefore, fall into three groups, namely: (i) the 
absorption of the dyes by mangold tissue from pure dye solutions ; {2,) the 
absorption by the tissue from pure solutions of the inorganic salts; 
(3) the absorption of dye and salt by the tissue when immersed in solutions 
contaiiiing both dye and salt. 



Fig. I. The effect of constant shaking on the absorption of methylene blue by mangold from 
a solution containing magnesium chloride at 20° C. 


I. Absorption by Mangold Tissue from Pure Sohitiofis of a Dye. 

The course of absorption by mangold was followed for three dyes, 
methylene blue, neutral red, and orange G; in the case of the first two 
dyes for a period of twenty-four hours, and in the case of orange G for 
approximately two days. These three dyes were chosen on account of 
their different properties. Methylene blue and neutral red are basic, while 
orange G is an acid dye. Methylene blue forms a true solution, while 
neutral red forms a semi-colloidal solution in water. The results are 
summarized in Table I. They show that the acid dye orange G is 
absorbed to a very much less extent than the basic dyes, while neutral red 
is absorbed to a considerably greater extent than methylene blue. The 
course of absorption is, on the whole, similar to that previously found for 
the absorption of a number of dyes by carrot (Redfern, 14 ). 
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Table L 

Intake of Methylene Blne^ Neutral Red, and Orange G by Mangold 


Tissue, from O'OI per cent. Solutions of the Dyes at 20° O 


tExperhncnial SoluiioH. 

Time m Hours. 

Colorimeter 

Fercenlage of 

Methylene blue, 0"oi % 

S 

1 0-733 

Reading. 

23-23 

27-1 

Dye ah sorbed. 
J9-2 

21-S 


\ 1*43 

/ 1-6 

41-0 

31*4 


2.0-0 

30*5 


) 3'93 

57-S 

45-4 


( 4-07 

59’7 

47-0 


i 7-13 

65-1 

, 53 -^ 


1 7*23 

<56-i7 

54”0 


1 24.0 

76-0 ' 

^4-5 


1 24-0 

75*0 

*53-5 

Neutral red, o-oi % 

j ^*35 

30*85 

17-0 . 

\ 1-52 

33*0 

19*7 


j 5-0 

51-6 

42-8 

• 

i 5-0 

53-3 

44*6 


^ I3*oS 

76-0 

74*0 


1 I2*oS 

76-0' 

74*0 



S6-0 

85-0 


(24-88 

■S5-0 

84-0 

■Orange G, o*oi % 

1-63 

7-67 

7.7 


8*2 

8*03 

S-o 


20-23 

10-00 

lO-O- 


5 C -0 

2 2*7 

tty 


The results tabulated above are graphically represented in Fig. a. 



.'ii'lG,' 2.'The absorption of dyes by discs of marigold”tissue loimersedin ,o*orper cent 

solution-at' 20 °.C.„ 
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It will be observed from Fig. % that the absorption of the dye 
approaches equilibrium in each case. - The position of equilibrium is such 
that the concentration of the dye within the tissue is far greater than the 
concentration In the external solution. This ^ heaping up ^ of the dye 
within the ceil is quite characteristic and has been noted in former investi™ 
gations of the intake of dyes by living tissues. Among previous observa¬ 
tions of this phenomenon may be mentioned those of Sziics (19) and the 
later experiments of Miss Redfern (14). 

s. Absorption by Mangold Tissue from Pure Solutions of 
Inorganic Salts, 

The course of absorption by mangold tissue of the chlorides of 
ammonium, magnesium, and aluminium was followed in decinormal 
solutions of the three salts. Further determinations were made on the 
course of absorption in more, dilute solution in the case of ammonium 
chloride. It should be stated at the outset that the results obtained by 
a method of chemical analysis of the external solution probably do not 
represent the true state of affairs. That the ions of a salt in solution may 
be absorbed at different rates and to different extents by living cells has 
been previously observed. Pantanelli and Sella (11) have shown that roots 
of living plants absorb the ions of salts, present in a culture solution, to 
different extents. Using isolated tissues, in a manner similar to that 
employed in the present experiments, Meurer (8) showed that discs of 
living carrot and beet tissue absorbed the ions of a salt in solution to different 
extents. Since in the experiments recorded in this section only the chloride 
present , in the solution was estimated, the results presented in Table II 
relate only to the extent of absorption of the chloride ion. The results 
obtained indicate that absorption is practically the same from decinormal 
solutions of ammonium and aluminium chlorides, but is considerably slower 
ill::the; .case.' of; magnesium chloride. That absorption is relatively more 
rapid from more dilute solutions is clearly shown in the case of ammonium 
chloride. 

3. Absorption by Mangold Tissue from Solutions containing a Dye 
and an Inorganic Salt* 

(i) Influence of ammonium chloride on the absorption of methylene 
blue. 

Solutions containing o*oi per cent, methylene blue and ammonium 
" chloride in conceitratiohsMo-x^ N..,'0*025 N., and, o-oi'N. 

were prepared and standardized with silver nitrate as previously described 
;;::;,;:;aiid..'also tested C:olorimefiH||l|s)^|:gT^h^ concehtra-tion'..^ in':; the 
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solution at recorded intervals, were performed on three samples of 10 cx. 
each drawn from the jars. Experiments were conducted in duplicate or 
triplicate for each solution and 2co c.c. of solution with forty discs of 
mangold tissue were used in each jar. The results obtained are summarized 
in Table III and graphically represented in Fig. 4. 


Table IL 

The Absorption of Chlorides from SohUion by Mangold Tissue at 20^ C. 


Salutzm. 

Time, 
in Hours. 

Initial 
Concentra- 
tion in Nor^ 
malities. 

Estimated 
Co7icenira- 
iion in A'or- 
malities. 

Percentage 
of Salt 
absorbed. 

Ammonium chloride 

_ 

C*I 

_ 



2'6o 


0*0986 

1*40 


4*20 


0*0981 

1*90 


12*90 


0*0974 

2*55 


26-02 


0*0972 

2*8 

j? 

— 

0-05 

— 

— 


3-17 


0*0486 

2-So 


4*35 


0*0484 

3*20 


28*17 


0*0475 

5*0 

Magnesium chloride 

— 

c*r 

— 

— 


1*07 


0*0998 

0*2 


3-93 


0*0995 

0*5 


4-85 


0*0995 

0*5 


19-57 


0*0986 

1*4 


20*7 


oo 9§3 

1*7 

Aluminium chloride 

— 

0*09925 

— 

— 


1*03 


0*0984 

0*85 


4*22 


0*0975 

1*76 


12*03 


0*0967 

2*56 


28*0 

(Tissue dead) 

— 

— 



4 a \t '16 , 20 24 

Ttma in Hours 


", 3. The absorption of chloride by mangold from solutions of the salts at 20'^ C. 

.. It 'becomes ■ clear from , the results- represented in Fig.- '4'that the 
concentration of the'salt, has a direct influence on the absorption of the-dye^ 
the extent ' oC abs-orption of the dye decreasing with mcreasing concentratioii 
ofthevsalL--";:' 

■■ 3 '^ ^ 
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Table IIL 


The Absorption of Methylene Blue and Ammomuni Chloride from 
Mixed Solutions by Mangold Tissue at 20^ C. 



Meihylem 

? Blue 

Ammonium Chloride Estimation. 

Thne m 

Sduiion, Hours, 

Estimation, 




Reading cn 
Cclonmcier, 

Percentage 
of Dye ab¬ 
sorbed. 

Original 

Concen¬ 

tration, 

Estimated 

Concentra¬ 

tion. 

Percent- 

age of 
jYJSiCl 





absorbed. 

Ammonmm chloride, 0733 

9-S3 

9-0 

0*0985 

0*0980 

0*53 

0*1 N, 6'53 

^5’7 

21’0 


0*0970 

1*56 

Methylene blue, 8-48 

37-0 

23*3 


0*0965 

2*13 

0*01 % 25-07 

32-0 

35-0 


0*0964 

3*15 

Aromoniiim chloride, 0*5 

S-o 

7*5 

0*07435 

0*07265 


0-075 N. 2*0 

18*0 

L5‘5 


2*15 

Methylene blue, 6-43 

25-0 

--C-5 


0*07227 

2*66 

°'o’i % ' 25-43 

34-0 

36*1 


0 

6 

3-03 

Ammonium chloride, ,’1*33 

”^5*5 

J3*5 

0*04988 

0*0489 

2-0 

0-05 N. 5*95 

33*0 

25*5 


0*04807 

3*62 

Methylene blue, 28-95 

52*5 

40*5 


0*0476 ■ 

4*58 

O'Ol % 

Ammonium chloride, 0-7 

17-0 

14-8 

0-02525 

_ 


0.025 N. 1*0 

19-7 

17*0 


0*03473 

2-1 

Methylene blue, i*68 

30-0 

33*5 


0*03490 

1-4 

0‘0r % 6*47 

50-0 

3S*3 




S-70 

52*5 

40*5 


0-0243 

3*8 

21*92 

01*0 

48*5 


0-02435 

4-0 

Ammonium chloride, i-o 

28*0 

22*3 




0-01 N. ' 3'*o 

33*7 

26*3 




Methylene blue, '6-82 

55’0 

42*6 




0.01 %' 8-50 

62-0 

49‘5 




31-89 

71*0 

59*0 





(ii) The influence of ammonium chloride on the absorption of neutral 
red. 

In Table IV are summarized the results of a series of experiments in 
which the dye used was neutral red. ' Ammonium chloride solutions of the 
same concentrations as those employed in the case of methylene blue were 
used. In estimating the percentage of salt absorbed it was necessary to 
remove a larger volume of the solution than was removed in the previous 
series with methylene blue. The error introduced in this way was there- 
' fore considerably greater, andmnly in the first instance, in the solution con¬ 
taining .approximately o-i N. ammonium chloride, were analyses made , at 
intervals. '.In the remaining solutions the ■ percentage' of ammonium 
chloride absorbed was estimated at the. conclusion of each experiment.' 

. . '. It should be observed that the method of estimation' of ammonium 
chloride,in tliC'presence of neutral red inv.olyes, its estimation as ammonia. 

■ As'': the' ammonium:'ion■ and' the chloride ion, need not,, necessarily ,be 
■absbrbed '(11), the results: so,/obtained'are not directly 

comparable with,' those; obtained by analyses, of the; solution,' using',silver 



Sails in their Adsorption fy Storage Tissue. ^ 763 

nitrate. It appears, however, that in the case of ammonium chloride the 
NH^ ion is more rapidly absorbed than the Cl ion by mangold tissue. The 
results tabulated above and graphically represented in Fig. 5 show that 
the absorption of neutral red by the discs of mangold Is not retarded by the 
presence of ammonium chloride to the same extent that the intake of 
methylene blue is retarded by this salt. 



Fig. 4. The absorption of methylene bine and ammonium chloride from solutions containing 
o-oi per cent, of the dye and various concentrations of the salt. 

(Hi) Influence of ammonium chloride on the absorption of orange G. 

A solution containing orange G and ammonium chloride was prepared 
in which the respective concentrations of the two substances were 0*01 per 
cent, and 0*1 N. , Since after three days', immersion in a single solution'of 
the dye in the same concentration-. forty discs of mangold absorbed only. 
i!3- ;per .cent of the . dye, it is to, be expected, that,.'in a solution-'containing 
a salt, -only slight absorption" will occur. That such is , indeed the case : was' 
revealed''in'.the course of experime'nts in'which the , above solution, was' 
emp,loyed'.', After 'a,period'of twenty-four hours no measurable absorptioii 
of'.dye''had,occurred, Even,-after thi'ee days,' though the' discs"'of ".tissue 
-remained'.'quite,'healthy ,,turgid,.'absorption of the,'d',.y'e'-'did,/'-not.''exceed''': 

3 per cent,'., 
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Table IV, 

The Absorption of Nentral Red and Ammonium Chloride from Mixed 
Solutions by Mangold Tissue at 20^ C» 

Estimation of Estimation of N'lffCL 

Neutral red . Original Estimated 



Time 

Colori ¬ 

Solution * 

in 

meter 


I / oiers * 

Reading , 

Ammonium chloride, 

4-57 

46-7 

0*1 N. 

6-27 

52-1 

Neutral red, 

I 1-48 

6 i*o 

0 - 01 % 

24*58 

^ 4*5 

Ammonium chloride, 

1-05 

34*0 

0*075 N. 

6*6 

58 0 

Neutral red, 

13*8 

70*3 

0-01% 

27-03 

78*0 

Ammonium chloride, 

2*84 

52*4 

0*05 N. 

4*75 

60*56 

Neutral red, 

12*57 

71*2 

o-oi % 

24*68 

S2-0 

Ammonium chloride, 

0-75 

36*3 

0*01 N, 

2-53 

5^*43 

Neutral red, 

4*9 

61*0 

0*01 % 

6*3 

72*0 


13*27 

63*0 


LV 33 

84*0 


28-32 

90*0 


Fercent - 

Twie 

cone 671 ^ 

€ 07 icentra - 

Pe 7 ' cent ‘ 

age ab ¬ 

in 

tration 

Hon in 

age ab ¬ 

sorbed . 

Hours . 

hi Nor ¬ 

Nor ... 

sorbed . 

36*3 

1*5 

malities . 

0*0981 

malities . 

0*0974 

0*61 

43-3 

5*22 


0-09575 

2*3 

54*5 

24*0 


0*09575 

2*3 

59*5 

21*0 

50*3 

67*0 

13-8 

0*075 

0*0730 

2*67 

76-0 

27*03 


0*0723 

3*75 

43*5 

54*0 

68*3 

So-o 

24-68 

0*05 

0*0466 

6*8 

23-4 

43-6 

54*5 

68*2 

Si *6 

83*0 

90*0 

28*32 

0*0098 

O'ooSS 

9*9 



Fig. 5. The absorption of neutral red from solutions containing ammonium chloride in 
various concentrations by mangold at 20° C. 
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(iv) Influence of magnesium chloride on the absorption of methylene 
blue. 

Similar experiments to those above described were performed using 
solutions containing magnesium chloride the absorption of dye alone being 
estimated. 

Table V. 


The Absorption of Methylene Blue from Solutions containing 
Magnesium Chloride by Mangold Tissue at 20^ C 


Sohition, 

Time in 
Houfs^ 

Colorimeter 

Reading, 

Percentage 
of Dye 
absorbed. 

Magnesium chloride, o-i N. 

3*0 

3*0 

3*0 

Methylene blue, o-oi % 

4-97 

5*0 

5*0 


12*82 

5*2 

5*25 


24*9 

7*0 

6*6 

Magnesium chloride, 0*05 N. 

1*17 

slight absorption 

Methylene blue, 0‘0i % 

2*58 

6-0 

6*0 

6*88 

12*0 

10*7 


24*47 

13*0 

11*5 

Magnesium chloride, o*oi N. 

1-05 

25*3 

^ 3*3 

Methylene blue, O’Oi % 

4*05 

25*0 

20*5 


9-73 

35*0 

27*0 


13-47 

40*0 

30*5 


25*12 

43*0 

33*0 


(v) Influence of magnesium chloride on the absorption of neutral red. 

Table VI gives the results obtained in three series of experiments 
where the experimental solutions of c-ci per cent, neutral red contained 
magnesium chloride in concentrations of o*i N., 0*05 N., and O'Oi N. 
respectively. 


Table VI. 


The Absorption of Neutral Red by Mangold Tissue from Solutions 
containing Magnesium Chloride at 20"^ C. 


SoIuUm. 

Mag;nesmin chloride,, o* r N. 
Neutral red, O’Oi % 


Magnesium' chloride, o*0'5 N» 
Neutral red, 0 * 01 '% , 


Magnesium chloride, O’OI N. 
Neutral red,'0*01 %■ 


Time in 

' Colorimeter 

PercefUage 
of Dye 
absorbed. 

Hours, 

Reading, 

1*2 

22*0 

10*0 

5 * 4 ^ ' 

- 43*5 

32*0 

6-7 

50*3 

41*0 , 

13*0 

54*23 

46*0 . 

24*0 

. 56*8' 

49 * 0 ' ■ 

0*92 

33*9 

'."21-0 

6*28 

53‘0 

' ■ 44*3 

J 8*37 

6 I -43 

55 * 2 '" ' 

34*3 

67-3 

63'3 

o “5 , 

23-1 

io"3 


65-6 

'. 61*0 ,. 

18-05 

in 

• 75-8 
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(vi) and (vH) The influence of aluminium chloride on the absorption of 
methylene blue and neutral red. 

Similar series of experiments were performed using aluminium 
chloride in the dye solutions. When present in concentration of 0*05 N, 
this salt inhibits the intake of methylene blue almost completely, only the 
outer surface of the discs of mangold tissue being at all coloured. Sections 
of a disc were examined microscopically and showed that the penetration 
of the dye was confined to the periphery of the tissue only. This strongly 
antagonistic property of aluminium has been demonstrated by numerous 
investigators previously, and the results obtained, presented in Tables VII 
and V III, are fully in accord with previous observations. 



Fig. 6 . The absorption of methylene blue and neutral red by mangold from solutions 
containing magnesium chloride in various concentrations at 20° C. 

Curves were constructed from the results summarized in the above 
tables, but, since they exhibited essentially the same form as those given for 
the absorption of the dyes in the presence of magnesium chloride, they have 
not been included here. On comparing the figures obtained for the 
percentage of neutral red absorbed in the presence of magnesium and 
aluminium chlorides respectively, it would appear that the antagonistic 
action of aluminium chloride when present in a concentration of o-ooi N. is 
approximately equal to that of magnesium chloride at fifty times this 
concentration. 

It is, however, well known that alumihium chloride may be hydrolysed 
in aqueous solution according to the equation AICI3+3 H,0->Al(GH)3-t- 
3HGI. This being so, in a solution standardized in the usual way using 
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silver nitrate there may be, present an appreciable quantity,of free hydro-^ 
cliloiic acidj while a corresponding quantity of aluminium hydroxide is 
present. The consequence of this property is that in a given solution of 
the salt the actual number of aluminium ions available is less than the 
concentration indicates, as aluminium hydroxide is colloidal. An attempt 
was made to discover whether by employing the chloride of a trivalent 
metal such as lanthanum, which does not undergo hydrolysis, any difference 
in antagonizing power was revealed. 


Table VII. 

The Absorptio7i of Methylene Bbie by Mangold Tissue from Solutions 
containing Aluminium Chloride in various Concentrations at 20^ C> 


Solution, 

Time in 
Hours. 

CoUHmeier 
Reading. ■ 

Percentage 
of Dye 
. ahsor'bed. 

Aluminium chloride, o*i N. 

1*6 

— 

Trace 

Methylene blue, o*oi % 

4* ^ r 

— 

37 


12*05 


33 


24*08 

— 

?j 

Aluminium chloride, 0*05 N. 

1*53 

— 

Trace 

Methylene blue, 0*01 % 

4*1 

— 

33 


12*0 


>3 


24*0 

2*5 

2*5 

Aluminium chloride, o*oi N. 

1*85 

— 

Trace 

Methylene blue, 0*01 % 

3*5<^ 

3*0 

3*0 

11*22 

5*0 

5*0 


23*37 

10*3 

9*3 

Aluminium chloride, 0*005 N, 

2*42 

4*0 

. 4*0 

Methylene blue, o*oi % 

6*0 

10-2 

11*46 

14*4 

10*4 

12*6 


24*4 

29*04 

23*0 

Aluminium chloride, o*ooi N. 

Methylene blue, 0*01 % 

1*12 

21*17 , 

18*0 

2*22 

3*05' 

27*17 

33*S 

22*0 

26*0 


4*67 

41*1 

■ 31*4 


7*83 

48*2 

' 37*0 


21 *50 

68*0 ■ 

55*7 


24*18 

70*8 

59*0 


(viii) and (ix) Influence of lanthanum chloride on the absorption of 
methylene blue and neutral red. 

Solutions of lanthanum chloride and the dyes were prepared and four 
Series of experiments performed, two with methylene blue and two with 
neutral red, the results of which are presented in Tables IX and X- 

results obtained with lanthanum chloride with those 
obtained with aluminium chloride used in the same concehtrations it 
appears that the former has a stronger antagonizing effect than the latter 
in solutions containing methylene Hue. In the case of neutral red this 
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difference is not shown^ the antagonistic properties of the two salts towards 
this dye being slightly greater in the case of aluminium chloride. As with 
magnesium chloride^ curves were constructed from the data presented m 
Tables IX and X and the same general form was exhibited. 


Table VIIL 

The Absorption of Neutral Red by Mangold Tissue from Solutions of ike Dye 
containing various Concentrations of Aluminium Chloride at 20° C 


SohUzon. 

Time in 
Hoitrs. 

Colo 7 ’im£ter 

Reading 

Percentage 
of Dye 
absorbed. 

Alnminitim chloiide, 0*05 N. 

o‘SS 

5-0 

1*5 

Neutral red, o*oi % 

I-I7 

8-0 

2*6 

4-70 

10*1 

3*45 


13-0 

14-3 

5*6 


28*1 

14*6 

6-0 

Aluminium chloride, 0“0i N. 

3*0 

6-S 

22-0 

10*0 

Neutral red, ©‘oi % 

24-7 

11*8 


9-4S 

26*0 

I 2-8 


24-42 

31*25 

18-0 

Aluminium chloride, 0-005 

2-4 

20-7 

9.15 

Neutral red, 0-0 1 % 

4'23 

23*93 

1.I‘0 

12-5 

30*8 

17*5 


27*55 

37*2 

25*5 

Alnmimum chloride, o-ooi N. 

Neutral red, o-oi % 

3.0 

45*0 

34*0 

6-57 

59*0 

52-0 

9*22 

63-0 

57*3 


24-25 

74-86 

72*2 


Table IX. 

The Absorption of Methylene Blue by Mangold Tissue from 
Solutions containing Lanthanum Chloride at 20^ C. 


,, Solution. 

Time in 
Honrs. 

Cokrimeier 

Reading. 

Hermitage 
of Dye 
absorbed. 

Lanthamim chloride, o-oi N. 

3*5 

Trace 

Trace 

Methylene blue, 0-01 % 

6-2 

3-0 

3*0 


11*2 

4*5 

4*5 


24*32 

8-9 ■ 

8-3 

Lanthanum chloride, o-ooi N. 

1*37 

i6-i 

14-0 

Methylene blue, 0-01 % 

3-20 

28-1 

'., 22-5 


5-80 

34*9 

., 26-95 


19-10 

51-0. 

39-0 


23-1 

56*5 

44-0 


' , From , the curves constructed from the experimental data , presented io, 
the' foregoing tables , the'.approximate percentage , of dye absorbed ■ after' 
'a period'",of tivelve hours'has been, .obtained, in each' cascj and the. results ' are. 
'collected'in'Table'.XI. ■ 
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Table X. 

The Absorption- of Neutral Red by Mangold Tissue from Solutions 
containing Lanthanum Chloride at 20^ C. 


Solution, 

Time in 
Hours. 

Colo 7 ‘imeter 

Reading. 

Pm'centage 
of Dye 
abso 7 %ed. 

Lantlianiim chloride, o-oi N. 

^*35 

4*S3 

ii'i 

4*0 

Neutral red, o-oi % 

2S-93 

11*0 


6.5S 

27*8 

14*5 


11-85 

33*17 

19*6 


24-85 

43*2 

31*4 

Lanthanum chloride, o*ooi N, 

3-68 

46*0 

35*3 

Neutral red, o-oi % 

6-37 

56-4 

49-0 


11-72 

67*0 

63*0 


24*86 

73*5 

71*0 


Table XI. 




The Absorption of Methylene Blue and Neutral Red by Mangold Tissue 
from 0‘0I per cent^ Sohttions of the Dyes containing the Chlorides of 
Ammonium, Magnesium. Aluminium, and Lanthammi in various Con¬ 
centrations at 20^ C. 


Percentage of Dye 


Salt Pi^esent. 

Conceniraiioji in 
H’ormaliiics. 

Ti 7nc m 
Honrs. 

. -0 V 

absorbed. 

J/et/iyk7ie 

jYent^'al 




bine. 

7'ed. 

Ammonium chloride 

C*T 

12 

23-8 

56*0 


0-075 

12 

23-S 

66*0 


0-05 

12 

29*5 

68*0 


0*025 

12 

43*5 

72*0 


0*01 

12 

55*® 

Si*o 

Magnesium chloride 

0*1 

12 

6*9 

46*0 


0-05 

12 

II-O' 

52*0 


0*01 

12 

29*0 

70*5 

Aluminium chloride 

0‘I 

12 


2-0 


0*05 

12 

2-5 

5*® 


O-OI 

13 

5*0 

14*0 


0*005 

12 

15*0 , 

iS-o 


0*001 

12 

42'*o 

6i*o 

Lanthanum chloride. 

0*01 

12 

5*5 

'20*0 


o.cox 

12 

59*®' 

64-0 


The' results tabulated above are. graphically represented in. .Figs. 7 

•a'lid 8. 


, DISCUSSION'OF,Experimental Results. . , 

I. The Cotirse of Absorption. 

„. " In'^ general, the, curves obtained .for the absorption of:the. dyes used in' 
this .'investigation: .a'gree; with .those obtained ' by .Miss; Redferii ( 14 ), who 
■esti'mated th"e intake of . dyes by discs -of - carrot; tissue, by, a': method essenti- 
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ally similar to that eniployed with mangold. The same investigator noted 
that acid dyes were not absorbed by carrot to any appreciable extent. 
Results obtained In experiments with orange G entirely support this 
observation, and the small tendency exhibited by living storage tissues to 
absorb acid dyes is again illustrated. This property of acid dyes was 
mentioned by Pfeffer ( 12 ) in his early inV'estigations of the absorption of 
dyes by living cells, and later formed the subject of an investigation by 
Collander (1). 

A comparison of the cur\^es obtained for the absorption of methylene 
blue and neutral red indicates a difference in the nature of the absorption of 
these two dyes. In the early stages the rate of absorption of methylene 
blue is more rapid than that of neutral red, but the rate diminishes more 
rapidly with time, till eventually, after a period of twenty«four hours, the 
quantity of neutral red absorbed is greater than that of methylene blue. 

Sufficient attention has not always been drawn in the past to the 
difference between the rate of entrance, or, more correctly, the rate of equili¬ 
bration,' and the position of equilibrium. 

Some explanation of these differences may be sought in the 
specific properties of the dyes which might be expected to affect the 
intake of the dye when presented to living tissue in simple solution or in 
mixed solutions with other substances. Classified according to the size of 
the molecule, neutral red may be termed a semi-colloid, while methylene 
blue is a. crystalloid. This difference in size of the molecules may in 
itself have a direct bearing upon the rate at which either enters a living cell. 
An observation made by Pfeffer ( 12 ) is also of interest in connexion with 
the absorption of methylene blue. It was found that methylene blue, when 
taken up by a living cell, was retained almost entirely within the vacuole,, 
the protoplasm of the cell remaining unstained. This was not found to 
occur with' any other dye examined; in all other cases where, the dye 
entered the cell, both the protoplasm and the vacuole, contained the dye. 
It has, been urged by certain investigators, among wdiom may be mentioned 
Moore' and,Roaf ( 9 ), that the essential process in the absorption of substances 
,by' living cells, is a process of adsorption. Were this so, it would be 
■ reasonable to e,xpect that a'substance such as methylene blue would be, 
found, in greater. concentration in the highly colloidal protoplasm rather 
' than ill the watery contents of the vacuole. That adsorption of the dye is 
a possibility in the case of ne,utral red receives some' support from experi« 
ments by Sziics ( 19 ) oii the intake of-dyes hy/Lemna minor. ,11 was found' 

' that neutral red "was absorbed to a greater 'extent than other dyes, used. 
,'Ruhland, ( 15 ) attributed this apparent'-greater intake of'neutrai red; tO' the 
fact that adsorption :'Gf',the dye occurred in thC; cell-wali,' and wheii' this' was/ 
prevented by the,' presence':vof hydro,xyl„ ions''in,,the''solution, the intake' .of 
neutral red was found to conform with other cases investigated^'/ 
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The Aniagonistu Action beiiveen Tnorganic Salts and Dyes, 

When a dye is presented to living tissues in solutions containing 
ammonium chloride, the results presented in Table III show clearly that the 
rate and ultimate extent of absorption is reduced. That this is a phenomenon 
of general occurrence is confirmed by the results obtained with magnesium, 
aluminium, and lanthanum chlorides, and this antagonistic action between 
an electrolyte and a non-electrolyte seems to be of the same nature as the 
antagonism observed between the ions of inorganic salts. The results 
obtained are in agreement with those of Szucs (20), who suggested that the 
reduction in the absorption of one substance by the addition of a second 
substance to the solution might be explained on grounds of mutual hin¬ 
drance. Thus if a particular substance or surface is available for the 
absorption of a dye, and the same substance or surface is ’ also essential 
for the absorption of the ion of a salt, it is reasonable to suppose that 
neither dye nor salt will be absorbed to the fullest possible extent 
in the presence of the other. At the same time, if this mutual hindrance 
merely takes place in a limiting cell membrane, it also appears reason¬ 
able to suppose that it will affect only the rate of equilibration, and not 
the actual position of equilibrium. The results obtained with ammonium 
chloride and methylene blue support the view that antagonism is due to 
a mutual hindrance to absorption, but the curves obtained from these results 
show that absorption of dye and salt approaches a position of equilibrium 
lower in both cases than that which would be attained by either in the 
absence of the other (see Figs. 3 , 3, and 4). 

The antagonistic action occurring between salt and dye Is less empha¬ 
sized between neutral red and an electrolyte than between methylene blue 
and the same salt. This difference is quite in agreement with the difference 
.noted in the absorption of the two dyes from simple solution, and may in 
the same way be attributed tO' the specific properties of the dyes in question. 

3. The Jjifluejice of Concentration^ of Salt in reducing t/ieTutakC' of Dye, 

. That reduction in, the absorption'of the, dye by^ a salt in the " solution 
„is influenced by the concentration ■ of-the salt present is shown in each 
instance.. The-results obtained for the, absorption of a dye'after twelve 
'■hours .when,'presented-to mangold'tissue , in, solutions containing'salts In 
various . concentrations '.are ' given -in., Figs.- 7". and , 8.- These^ ...figures 
.show- clearly the relationship between -the concentration, of, any' one 'of the 
"' chlorides 'employed and the absorption of the, dye.' from'-'mixed, solutions., 
v'A.,''Com,pariso.n;of the' results, obtained'with, methylene blue and; neutral.'-red 
"T'eveals, '■.''.again'--.,that '/the -,;antago'mstiC'"',- effect of .,;equal-:,.''concentrations of 



772 Mann.—The Antagonism between Dyes and Inorganic 

ammonium chloride is greater in the case of methylene blue» Indeedj. 
in low concentrations of electrolyte there appears to be a slight increase in 
absorption of the dye above the rate of absorption from a simple solution. 
The possibility of slight variability in the tissues used in different experiments 
renders it inadvisable to lay too much stress on this point, but the work of 
Endler ( 4 ) may be mentioned in this connexion. Investigating the intake of 
methylene blue and neutral red by various algae, Endler states that the 
amount of dye absorbed increased at first with concentration of the electro¬ 
lyte, but further increase in the concentration produced the reverse effect. 

That the presence of the dye has a slight retarding effect on the Intake 
of the salt. is seen on comparing the estimations of ammonium chloride 



Fjg. 7. The influence .of the presence of the chlorides of ammonium, magnesium, 
aliiminiiim, and lanthanum in %mrioiis concentrations on the absorption of methylene 
blue by mangold at 20° C. 

absorbed by mangold tissue in the presence of a dye with the estimations 
of the intake of the salt from pure solutions. The antagonistic action of 
the dye towards the salt is very slight, a result which would be expected 
when the relative molecular concentrations of dye and salt are compared. 

The results obtained with magnesium chloride in various concentra¬ 
tions are essentially' similar to those obtained with' ammonium chloride. 
The' absorption of methylene blue and neutral red is antagonized in the 
presence, of magnesium chloride, the degree of antagonism bearing a definite 
relationship to^ the' coiicentration of the salt and ,, being greater towards 
methylene blue. The'.results obtained', wdth the chlorides of aliimimum 
and'lanthanum are in agreement .with those . obtamed , with ammonium, and 
magnesium chlorides., , In each .s.eries the antagonism exhibited by the 
electrolyte towards methylene blue, w^'as greater .than that towards neutral red. 
The influence of„sa.lt concentration on the absorption .'of: the, dye sug¬ 
gests that , the same' substance , is,.'involved':, in- the :'abso;rp,tiQn of both, d„ye 
and salt 
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4. The Injltience of the Valency of the Kation in reducing the Intake 

of Dye, 

Figs. 7 and 8, which , are in the nature of a summary of results 
obtained in this Investigation, clearly show that the antagonizing power of 
any one of the chlorides employed is a function of the valency of the kation 
and the concentration, a conclusion wholly in accord with those obtained 
by different methods of experiment. This influence of the valency of 
the kation was previously noted by Sziics ( 19 , 20), and held to support 
the adsorption theory. Support on this ground is only forthcoming if it 
is established that the higher the valency of the salt, the greater is the 



extent to which it is, absorbed. The experimental results obtained indicate 
that this is not, so, for aluminium and" ammonium chlorides are'absorbed 
to approximately equal extents, while magnesium chloride is, absorbed , to 
a considerably less extent than either. ' 

The antagonistic action of lanthanum'as compared with that of' alu¬ 
minium is worthy of comment As previously indicated, the hydrolysis 
of aluminiuiB in aqueous solution and the consequent liberation of the mono¬ 
valent, anions in place of the trivaient aluminium ion (present. in: colloidal' 
aluminium hydroxide) might be expected tO' reduce the antagonistic 
properties. of a solution of this salt, ■ Consequently an equivalent solution 
of the chloride of a. trivaient. metal which'does not; undergo hydrolysis" in 
this way would probably have a, slightly higher antagomstic,value.' .' That 
such IS'indeed the ease ls, shown' by' the effect of lanthanum' : chloride on the 
intake of methylene blue by mangold,; although the reverse, effect;'is shown 
in the case,of neutral red., 
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5, The Bearing of the Results obtained in Relation to the Mechanism 

of Cell Permeability. 

In early work on the antagonistic action of calcium to the toxic effect 
of sodium chloride towards the developing eggs of Fundulus^ Loeb (6) 
found "that the antagonistic effects occurred only when the fish was sur¬ 
rounded by a membrane. He therefore concluded that the membrane w^as 
the seat of antagonistic action, and that the ions of calcium and sodium 
mutually hindered each other in the passage through the membrane. It is 
usually supposed that in plants the seat of antagonism is also a membrane, 
though one of a different nature, namely, the plasma membrane, which forms 
the limiting layer of the living protoplast. The present view of the nature 
of this limiting layer of the protoplasm is that it is determined by the 
composition of the bulk of the protoplasm and the external medium, for all 
substances tending to lower the surface tension will accumulate at the 
surface. Alteration in the composition of this limiting layer may therefore 
be effected by changes within the cell or changes in the external medium. 
At the same time alterations in the composition of the limiting layer, it 
may be supposed, are likely to bring about a change in the permeability of 
the layer towards substances on either side of it. Riihland ( 15 ) has sug¬ 
gested that this limiting layer of the protoplasm acts as a molecular sieve, 
the entrance or non-entrance of a substance being determined by the size of 
its molecular aggregates. Such a view receives support from the experi¬ 
ments conducted with methylene blue and neutral red in simple solution. 
The curves obtained indicate that neutral red enters the cell at a considerably 
slower rate. Since fatty substances tend to lower surface tension, on the 
view of the nature of the plasma membrane formulated above, it has been 
suggested that the limiting layer of the protoplasm is composed of fatty or 
lipoid substances. Of the dyes employed, only neutral red was found to 
,, enter a lipoid'substance, castor oil, from'a, solution in water. If the dyes 
’ passed through a lipoid phase in the membrane, as neutral red is soluble in 
, such a phase it would in all probability enter the cell more rapidly than 
* methylene blue. ■ ■ That this' is not the nase is^ seen fi*om the curves' in 'Fig. 3, 
* On the other hand, the position of equilibrium suggests that adsorptive 

chemical processes are, operative in the course of absorption " of the, dye. 
-A view ■propounded by 'Kah,hO '( 5 ) "as to the^ nature'of penetration of the 
cell" by substances'present'in the external medium'is of interest in , con- 
' ''nexioU'Wvith'"'t,he'''"relationsh'i^^^ existing between the degree of antagonism 
■ and 'the 'val'ency'G'f the'''antagonizing, ion. According AO' this; view, ■ the 
; ■ power, of' penetration' of a substance is, related inversely 'torits' 'Capacity' for 
;''Coagulating certain of the cell colloids. Coagulation,'Of ,'these/collok^ 
renders the outer ,Iayersof ;the,/protpplasm'',,:less;'permeable'to '^substances in 
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external solution. In the precipitation of colloids by electrolytes, the ion 
bringing about coagulation is the one carrying a charge of opposite sign to 
that on the colloidal particles. Efficiency in coagulation by an electrolyte 
of a colloid of negative sign depends on the valency of the kation of the 
salt, and is often independent of the nature of this kation. That the 
kations of the salts employed may have caused some such coagulation of 
the protoplasm, in the manner suggested seems distinctly possiblCj and 
might be used to explain the relationship existing between the valency of 
the kation and the antagonizing action it exerts. 

It has recently been shown by Coilander (2), in an investigation of the 
permeability of copper ferrocyanide precipitation membranes to non-electro¬ 
lytes, that although the permeability of such membranes is mainly due to 
their acting as molecular sieves, yet solution in the membrane may also occur, 
and so mask considerably the sieve action of the membrane. There are 
clearly similar possibilities in the case of the limiting layer of the proto¬ 
plasm, and a possible explanation of antagonism may rest on such a basis. 

In general, the conclusions reached in the present investigation appear 
to support, in part at least, three views of the mechanism of cell permea¬ 
bility. In the first place, the course of absorption of the dyes, taking into 
consideration the size of the molecule, affords support for the ultra-filtration 
theory. It has already been pointed out that the phenomena of antagonism 
afford a large measure of support to the colloid precipitation theory. 
Kahho ( 5 ) suggests that the particular colloidal particles precipitated are 
probably the lipoid constituents of the limiting layer of the protoplasm. In 
order that these colloidal particles may be precipitated by kations of electro¬ 
lytes it would be necessary for them to carry a negative charge. That 
these particles do carry a negative charge in the cells of root storage tissue 
is supported by the fact that basic dyes are in general readily absorbed. 
Since the colour group of a basic dye carries a positive charge, the existence 
of negatively charged particles in the limiting layer of the protoplasm, 
would tend to forward absorption of the dye. Thirdly, the results appear 
to agree well with Raber’s theory ( 13 ) according to, which permeability is 
due to, the^electrical condition of the semi-permeable membrane, which in 
the tissue used by Raber, as in that employed in the work described above, 
is supposed to carry a negative charge. The^ mechanism of dye'.absorption, 
suggested by Raber is, however, quite different from that suggested above.. ■ 

' Summary.' ■, 

' . j. The' absorption of methylene blue,' neutral red, and orange G respec¬ 
tively,'has ...been followed In'simple so,lution and^ in solutions.containing'' 
; inorganic salts,, namely, the, chlorides of ammonium, magnesium,„al.umim'U'm, 
and lanthanum., ' ' T ■ • ' 

■ 3.E' 
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In simple solution the absorption of the dye can be explained on 
the sieve theory (ultra-filtration theory) of the nature of the plasma- 
membrane. 

3. The equilibrium is such that a ^leaping up^ of the dye in the cell is 
observed^ and the continued absorption of the dye when the internal con* 
centration of dye must be very much higher than the external concentration 
may be explained on the ground of adsorption or chemical combinationj 
ivhich may occur with some substance in the cell. 

4. The presence of a salt in a solution of a dye antagonizes the intake 
of the dye by living tissue. The magnitude of the antagonistic action is 
a function of the valency of the salt and its concentration. This conclusion 
is similar to that arrived at by Sziics, 

5. The antagonistic action between an electrolyte and methylene blue 
was, in all the cases investigated, stronger than that between the same 
electrolyte and neutral red. 

6. The colloid precipitation theory of the plasma-membrane as formu¬ 
lated by Kahho receives support from phenomena of antagonism investi¬ 
gated, and affords a possible explanation of the relationship existing 
between the degree of antagonism and the valency of the kation of the 
antagonizing salt. 

7. The results obtained in this investigation are not inconsistent with 
Raberis view that the plasma-membrane carries an electric charge. 

University College, 

Reading. 
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Water Content, a Factor in Photosynthesis. 


BY 


R. H. DASTUR. 

With one Figure in the Text. 

Introduction. 

T EAVES are important organs of plants and are almost entirely 
J—^ responsible for the production of carbohydrates which form an 
essential part of the food of plants. The carbohydrates manufactured by 
the leaves from the carbon dioxide of the air and the water from the soil, 
by processes which are still quite obscure, and the complex substances pro¬ 
duced therefrom, are utilized by plants for the purposes of growth and 
the production of flowers, fruits, and seeds. '..A period is, however, I'eached 
when the functional activities of a leaf cease and it is no longer able to 
synthesize sugar or starch, and it slowly begins to lose its turgidity and to 
droop, being unable to support its own weight, and is finally severed' from 
the plant either by the pressure of the wind or by the formation of absciss 
layers at its base. The causes which thus deprive leaves of their function 
and terminate their existence are, at present, not properly understood. 
Light, optimum, temperature, and an adequate water-supply are indispensable 
factors for the maintenance of their activities, but after a certain, stage they,' 
no longer remain functional even under optimum conditions. They 
exhibit senescence, but a perennial plant is in no way worse for' it, as new 
leaves continue to be formed at the growing-points, while the older 'leaves 
die and' fail away. The capacity of continued growth and of regenerat-. 
ing , the lateral members is a distinct , advantage plants possess, over 
members of . the animal ,kingdom', by means of w^hich they prolong their 
individual existence till they die or decay on account ,of natural causes, 
/The period during which leaves remain functional varies with different 
plants. ,' The leaves', of annuals" remain'-active for the greater part of their 
existence, but the -leaves of -deciduous and evergreen trees have' a; limited' 
duration and leaf fall occurs' periodically.. Some trees 'drop", their leaves 
several-.times d-'oring a year, ,while-'Som'e'''do so in a particular-', season-,, only,' 
remain leafless- ,,u,p' to the' end - of that s.eason, and' produce fresh. ,leaves, in .'the 
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next season. ■ Though the time of abscission is dependent upon external 
factors and can be hastened by feeble illumination, an insufficiency of water^ 
and sudden climatic changes, or can be delayed by favourable conditions^ 
still under normal conditions leaves drop off in a regular manner at 
a definite period which varies with different leaves. ' 

The chlorophyll content, water content, and some protoplasmic factor 
are three possible internal factors of photosynthesis, and failure of any one 
of them might lead to inhibition of the photosynthetic activity of the leaves 
and so finally to their decay. Wilistatter and Stoll ( 13 ) are of opinion that 
the assimilatory process depends upon the chlorophyll content and some 
enzyme, and the increase in the chlorophyll content under certain condi¬ 
tions causes increase in assimilation. But the results obtained by them in 
experimenting with leaves are very complex and rule out the chlorophyll 
content as the internal factor controlling the photosynthetic activity. 

Though not much work has been done to investigate the relation 
between the water-supply and photosynthetic activity, it has been shown by 
Kreusler ( 7 ) and Nagamatz (8) that the withdrawal of water from the leaf 
decreases its photosynthetic activity. Similar but more exact observations 
have been made by Thoday (11) with an improved half-leaf method, and 
the closure of stomata is ascribed by him as the cause of the lowered rate 
of photosynthesis when the water is withdrawn. Sachs (10) also favours 
the same view, which is supported by the fact that in plants without stomata, 
such as algae, lichens, and mosses, photosynthesis is much less depressed 
by loss of water than is the case in foliage leaves, as was shown by Klebs (6), 
Bastit ( 1 ), and Jumelle ( 5 ), But on the other hand, according to Treboux ( 12 ) 
and Pantanelli ( 9 ), the closure of the stomata cannot be the cause of the 
decline in photosynthesis with decreasing turgidity of the cells in the case 
of water plants. lijin ( 4 ) has also made further observations similar to 
those made by Thoday (11), but his results do not show any proportionality 
between the photosynthetic velocity and water content. 

It is conceivable, from the observations of the above-mentioned 
authors, that withdrawal of water can diminish the rate of photosynthesis, 
as water is necessary for photosynthesis and for keeping the photosynthetic 
elements in a normal condition for the discharge of their function. But it 
cannot ,be inferred from .those observations that under naturar conditions 
inadequate water-supply terminates the photosynthetic activity of a leaf. 
"That such' a relation between the ■ water-supply and photosynthesis does 
exist In nature appears from the. investigation' here described. ■ 

Investigation. 

It was discovered that in the mature leaves of Abutilon asiaticum^ 
'G. 'Don, starch was not formed,uniformly all over the'.stirfaGe of the leaves, 
as''■ '.'was 'Seen' by' macrochemiGstl.(reActibn' 'with" iodine,' but,, 'was gradually 



Dastur. — Wafer Content^ a Factor in Photosynthesis. 781 

disappearing from the marginal and apical portions of the leaves^ and as the 
leaves grew older the pliotosynthetic decay appeared in the meshes of the 
vascular network^ commencing from the margins towards the central portions 
(see figure below). At a later stage starch formation was restricted to the 
cells bordering the vascular network, and such a leaf when treated with 
iodine showed black streaks of starch lining the vascular network. Finally 
starch began to disappear from the finest veins to larger veins and then 
starch formation ceased entirely, thus terminating the activity of the leaves, 
which, however, remained attached to the plant for a long time. These 



A pbotograpli of the leaves of AhuHlon asiaticum, G. Don, showing the marginal 
and intravascular decay. The leaves were extracted with alcohol and treated with 
iodine. The nnstained regions indicate the cessation of functional activity. 


changes, leading to the gradual decrease in the photosynthetic activity of 
the leaves, could be made out^ without difficulty on external examination. 
Distinct areas 'on the margin, apices, and in the meshes' of the reticulate 
venations could be easily seen by holding the leaves against the light, and 
were distinguished readily'on account.of the yellow-green colour as con¬ 
trasted with the dark green leaf surface.' They gradually lost their greenish 
tint and turned yellow. The yellowing of the leaves proceeded exactly in 
the .manner described and' then' spread, all over the. surface., Microscopical 
examination showed that the chloroplasts of the cells occupying these areas' 
where starch formation had, ceased had'disintegrated, being broken , up into 
small'granules,'and had turned, yellow on account of the'decomposition of, 
the chlorophyll' .It 'was ' clear from: the 'above that the disintegration'of' 
chioropiasts preceded'the disappe.aranGe of starch,' and It'.first comme.nced 
inThe''. cells .'.which .were ..placed^ fa,rthest .'from,, the .'Vascular .'tracheideS'^' and 
'".gradually.'e'xt'Cnded ,to the n'eighfa'Ouring cells.', , 1 .,' ', ', 
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This mode of photosynthetic decay was not peculiar to the leaves of 
Ahutilon asiatmim, G. Don, and the same phenomenon has been observed 
in the leaves of many other plants. It was noticed in the.leaves of Ricimis 
co-mmtmis, Linn., Carica Papaya, Linn., Malachra capitata, Linn., Corchoms 
oliiorius, Linn,, Hibiscus esculejitus, Linn,, Ipomoea hederacea^ Jacq., 
Sparmannia afrkana, Linn., a species of Aristolockia, and a species of 
Abuiilon, and the series could be further extended. The leaves of some of 
these plants, such as Carica P ap ay a, hlnn,, ^nd Corc/ioriis oliiorhis,'Linn,, 
showed only marginal decay, and some showed both marginal and intra¬ 
vascular decay. 

The characteristic manner in which the disappearance of starch was 
noticed suggested the possibility of a decline of ■water-supply due to the 
loss of conductivity in the smallest veins, and in order to test this view 
Artstolochta leaves of different ages were put with the cut ends of their 
petioles immersed in aqueous solutions of various dyes to see how far the 
dyes penetrated the vascular network. Aqueous solutions of, different 
dyes were tried, such as o*ci per cent, solution of fuchsin, c*ooi per cent, 
solution of safranin, c*ooi per cent, solution of methyl blue, and 0*005 
cent, solution of eosin. From among these the solution of eosin yielded 
good results, but the other dyes were not absorbed by the walls of the 
conducting elements and the veins were not stained. In young leaves 
of Afistolochia, where starch formation was normal, the veins were 
uniformly stained all over the leaf surface, but in older leaves the larger 
veins were more conspicuously stained, while the smaller veins occupying 
the marginal and central portions between the main veins were very faintly 
stained. The same leaves were tested for starch. In young leaves the 
starch was formed all over the surface, but in older leaves starch had 
disappeared from, exactly those intravascular regions where the veins were 
feebly stained. 

At the same, time the leaves of Sparmannia africana, Linn., and 
a species of Ahutilon were similarly tried and yielded the same results. 

;, With a view to finding out whether the smaller veins underwent any 
changedn structure as the leaves grew older, the smallest tracheides from 
the corresponding regions of the leaves of different ages were dissected out 
and micrdscopically 'examined, but no- difference was^ noticed. ' Attempts 
were, also., made to .find" out whether there' was any deposition of fatty 
siibstances.'on .the, walls of the tracheides in the older leaves which interfered 
with their .activity..Various microchemical tests were, made, and the 
■tracheides from' leaves... of different ages, were separated and were' put in 
solutions of Sudan III and 'acarlet R, but no,obvious absorption of dye was 
observed*.. 
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Discussion, 

It is evident from the above that the functional activities of the ceils of 
the mesophyll do not terminate abruptly, but they show signs of decay 
one by one. Even those leaves which appeared quite green and healthy 
were, on microscopical examination, seen to possess in the intravascular 
regions cells which had lost their functional activities. It was recently 
pointed out by Briggs (2) that the photosynthetic activity of a leaf depends 
upon some internal factor which increases in proportion as the leaf becomes 
more and more mature, and the internal factor he thought to be the reactive 
chloroplast surface, which is not necessarily identical with actual chioropiast 
surface, an increase in the reactive surface bringing about a corresponding 
increase in the photosynthetic activity. To this statement of Briggs it 
could be added that the fall in the photosynthetic a,ctivity of a leaf also 
depends upon the decrease in the reactive chloroplast surface caused by the 
decay of the cells, and it decreases rapidly as the leaf becomes older till it 
stops entirely. 

The question arises, Why do these photosynthetic elements become 
functionless and their chloroplasts disintegrate? It was stated before that 
the cells of the margin and apex, and in the meshes of the reticulate network 
which are situated farthest from the v^ascular tracheides, are the first to 
show the signs of decay. The formation of absciss layers would not be the 
cause of their decay by interrupting the water-supply, since, as it was 
pointed out, the decay of the cells begins very much before the formation of 
absciss layers, and in many cases the latter are not formed at all. Absciss 
layers are concerned with the fall of leaves rather than their decay. It 
would be possible to suppose that the cessation of functional activity at 
a definite period is a fixed hereditary, character of the cells, but if that were 
the case one would expect the cells of a leaf to cease their activity simul¬ 
taneously,, and not in*the regular sequence already described.. There is no 
evidence to show that; the apical, marginal, and intravascular cells, which 
are the first to decay, are also the first to be photosynthetically active. ; ■ 

The characteristic manner in.which the, photosyntlietic elements'show 
signs of decay favours the view that the water-supply has something to do 
with it, and it is probable, that the tracheides, beginning with the smaller and 
followed by the larger, fail to perform' their normal function of conduction. 
So the supply of water becomes' inadequate and cannot meet the demand,' 
'.made by'the cells'for purposes of .photosynthesis' and' transpiration,' 'And 
the',cells '.which ' are most distant .from .these tracheides, and so^ unfavourably 
placed, would', be the first .to , suffer from this shortage of "water-su'pply,as all 
'the,',.,wat'er'B',o,uld., be utilized by the .ce.lls.' in the'immediate vicinity, of'the 
tracheides. " . The water-conducting 'elements, at 'the, margins "of a,',leaf,'.might' 



784 I^ast^sr.— lVaier Content^ a Factor in Photosyntkests. 

be thrown out of function much earlier than those placed centrally5 because 
transpiration is more vigorous from the marginal areas of a leaf than from 
the central portions, which would make the tracheides inactive soone r 
than' the central ones. It was also noticed that the leaves of many 
plants showed signs of decay on the marginal areas though the central 
portions were quite green when a period of drought set in. This' also 
can be attributed to the marginal areas transpiring more vigorously 
than the middle ones and to the inability of the marginal tracheides to 
cope with the increased demand for water. 

But the experiments performed with the solutions of eosin did not 
support the view that the tracheides had failed to conduct water,, as in older 
leaves the tracheides occupying the starchless areas had taken up the stain, 
though very faintly. The faint staining of these tracheides indicated that 
they had not lost the power of conduction of water, but that the cells which 
derived their supply of water from them were dead and very little water 
was absorbed by them. Consequently a very minute quantity of the 
solution of the dye reached them and feebly coloured them. But in the 
case of veins occupying the living areas the cells continued to absorb 
water (and not the dye) from the tracheides, so that the dye solution 
became concentrated in the tracheides and stained them very conspicuously. 
So it was not the tracheides that were functionless but the mesophyll cells 
that were dead. 

Microscopical investigation corroborated this view, as no change in 
structure or in chemical composition of the walls of the tracheides was 
detected which would account for their functional decay. This view of the 
functional decay of the tracheides in the older leaves would also be 
untenable in the light of the cohesion theory of transpiration advanced by 
Dixon ( 3 ), who assigned a purely mechanical function to these conducting 
elements. 

This curious phenomenon could, however, be explained on two main 
suppositions. Firstly, as a leaf begins to mature, its demand for water also 
increases on account of the increased rates of photosynthesis and transpira¬ 
tion. And the tracheides, though continuing to perform their noi*mal 
function, could not conduct the required amount of water, as the specific 
eonductivity (per unit area) of these tracheides will remain the same after 
they have once assumed their permanent form. So the cells situated 
farthest from the terminal tracheides would be the first to suffer from the 
shortage of water, as all the water conducted by the tracheides would be 
■.:;UtiIized'by'the'neighbouringcells.' 

But this idea would suggest that when some of the cells are dead 
a condition' of equilibrium''; between the demand and supply .of water is', 
reached. As a result, the photosynthetic decay should not p^'oceed further^ 
and the leaf should continue to 'temain'functio'nal during the life;'of':tlie ' 
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plant if some other factor does not operate in causing its decay. But this 
conclusion could be avoided on the second supposition. 

It was observed that the leaves with dead cells on the margin and in 
the intravascular regions remained functional for a very long time, when 
probably the supposed condition of equilibrium had been reached, but as 
growth continued towards the apex of the shoot and new leaves unfolded 
and matured, the condition of equilibrium in the old leaf was disturbed, 
because the total demand for water increased and the pull exerted on water 
in the woody axis increased, though it remained the same dn the. case of 
the older leaf. This would again bring about shortage of water-supply, 
causing the decay of some more photosynthetic elements unfavourably 
situated with regard to the supply of water. This further increase in the 
number of dead cells would again reduce the pull exerted on water by 
the old leaf. In this way the functional activity of a leaf will be brought 
to a standstill. It is possible that a condition of equilibrium between the 
demand and supply of water is obtained many times before the photo¬ 
synthetic activity of a leaf entirely ceases, and the decay of the leaf* is 
delayed or hastened by the influence of other internal or external factors, 
such as fluctuations in the rate of growth, light, temperature, and humjdity 
of the air. And it may be due to the very same causes, as it was observed 
that during the wet months the number of leaves showing the characteristie 
decay found on various plants was very much less than the number of such 
leaves in hot weather. 

The form of gradual decay described in the plants mentioned above 
may not be visible externally in the leaves of some plants on account of 
their thick texture, the nature of the vascular network, and many other 
causes, but it is maintained that here also the decay proceeds internally in 
the manner described owing to shortage of water, and commencing in 
the ceils situated at the greatest distance from the source of water-supply. 

Wills tatter and Stoll (13) failed to obtain constant values of the assimila¬ 
tion numbers" 

. . h , amount of CO, assimilation in i hour. 

(assimilation number = ---—p——:—p—-—■—) 

, chlorophyll content ^ 

of,'leaves of the same species in different stages' 'Of development or at 

different times in spring and autumn... Their tables show that after a time, 

although the'chlorophyll content increases, yet the 'assimilation number 

'diminishes, which, in their'opinion, is due:-to' some, internal factor (enzyme)' 

limiting'the rate ,of assimilation. -But. on closer examination of their ■ results' 

;1t is .seen'that,' though the' chlorophyll content Increases, the : water,, .content' 

temains.'nearlythe'same''or .'decreases., ' This decrease in the water,:.content 

may be tfae'''chief internal factor limiting .the rate of. assimilation'"and may 

,be,'.the;:cause:,'Of",the,',v.ariabie'.,values 'of. the assimilation numbers.f' itt,the; 

accompanying'.;'tables,,, are' shown" the amounts of. water ; content, the 
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chlorophyll content, the carbon dioxide assimilation per hour per sq. cm. 
of the leaf surface, and the assimilation numbers, as calculated from their 
results. 


Table I. 

(From the data of Wilstatter and Stoll (13) on ^ Assimilation numbers of 
leaves from the same plant but in different stages of development 


Speaes, 

Age of 
the 

IVate? 

Conteztt 

Chlorophyll 

Content 

CO2 Assimila¬ 
tion in grm. 

Assimilation 

Number. 


Leaf. 

hi grm. 

in grm. 


A cer pseudo-platan zis 

Y oung leaves 

0*010 

0*000014 

0'000i6 

ii*S 


Old leaves 

o*ooS 

0*000051 

0*00026 

5*2 

7 'ilia 

Young leaves 

0*014 

0*000012 

0*00017 

14*2 

jj 

Old leaves 

0*010 

0*000042 

0*00024 

6*6 


Table II. 


(From the data of Willstatter and Stoll (13) on ^ Assimilation numbers of 
leaves of the same species at different times in spring \) 



Species. 

Date. 

Water 

Content 

Chlorophyll 

Content 

Assimila¬ 
tion in grm. 

Assimilation 

Number. 




in grin. 

in grm. 



Aisctilm Mppocastanum 

29th April 

0*029 

0*000038 

0.00042 

ii*i 



7th May 

0*030 

0*000030 

0*00056 

■ I'2'I 

Tilia 


3Td June 

0*017 

0*000051 

0*00032 

' ' 6 * 4 ", 


4tli May 

0*013 

0*000014 

0*00015 

10*6 

n 


14th May 

0*010 

0*000015 

0*00023 

i6*o 

n 


5 th June 

0*009 

0*000041 

0*00029 

7*1 


The irregularities in their results, such as are found in autumn leaves and in 
normal leaves of various plants, could also be explained by the fact that 
it would be, very difficult to select leaves in the same stages of photo¬ 
synthetic activity for experimentation, as leaves of apparently the same 
age or at the same distance from the apices would not be in'the ...same stage 
of photosynthetic activity, and a' leaf which on external examination would 
appear quite, fresh and healthy might be in an advanced stage of photo- 
syhthetic decay. 

Conclusion. 

It is clear, from' the above investigation that photosynthesis is dependent 
'upon water''Content, and under normal conditions it is inadequate water- 
supply which terminates,, the photosynthetic activity of leaves and,'ultimately 
'causes their' decay.' ,■ 
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Summary. 

I, In nature, the decline in the photosynthetic activity of leaves is 
due to shortage of water-supply, and the photosynthetic elements placed 
most unfavourably* are the first to lose their power of assimilation. The 
photosynthetic decay first appears in the marginal and intravascular regions 
and then gradually proceeds inwards towards the centre and the main veins* 

3 . The shortage of water is not caused by the failure of the water-con¬ 
ducting elements to perform their function. 

3 . The shortage of water is caused in two ways, (i) As a leaf matures 
and increases in surface area, its demand for water also increases, owing to 
the increased rates of photosynthesis and transpiration, but the specific 
conductivity of the tracheides remains the same after they have gained 
their permanent form. This causes a shortage of water, and the cells most 
distant from the veins lose their activity, (ii) As more leaves unfold 
towards the apex, the pull exerted by the living cells of the upper leaves 
on water in the woody axis increases, while in the old leaf it remains the 
same. This causes a further shortage of water. 

, 4 . The relations between the demand and supply of water can be 
influenced by external and internal factors, and they may affect the functional 
duration of the leaves. 

5 . It has been explained why Willstatter and Stoll failed to obtain 
constant values of the assimilation numbers of the leaves of the same species 
in different stages of development or at different times in spring and autumn, 
and also ill normal leaves of different plants. 

I have to thank Prof. W. Stiles for suggestions and references to 
literature during the course of this investigation. 
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NOTES, 


FASCIATED ROOTS OF CALTHA PALUSTRIS, L.—Although the root of 

Caliha palusiris^ L., has been extensively examined in many laboratories throughout 
Europe and America, there has been no report, as far as the writer is aware, of fascia- 
tion in this organ. In fact, roots in general are said to exhibit fasciations less 
frequently than do other organs of plants. 

An examination of roots of Caliha palmtris collected near Edmonton, Alberta, 






in the 'spring of 1923, revealed some rather striking departures "from the typical 
structure. Approximately' two-thirds of the- roots in the' collection showed "a tetrarch 
stele, most' of the remainder were pentarch, ■ and a small number hexarch.Four 
apecimenS'differed quite markedly from'- the normal in the structure of their vascular 
tissues. 'These specimens were root segments varying in length from. 4 to 10 cm. 
Two' of 'th'em were abnormallylarge and considerably flattened (Figs* 3, "4), the other 
twO' being, somewhat above; the average in -siKe and almost circular in ^ transverse sec¬ 
tion (Figs,'i,. 2)." in' each cas'C'the .stelar structure was constant throughout the 

. I Annals of Botaay, Vol.XX'X¥III. No, CL 0 .’October, iQ24>] 
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length of the segiiient„ Also, in each, several lateral roots arose in the normal way 
from the per icy cle region« 

The gross anatomy of these abnormal roots is shown in transverse section in the 
accompanying diagrams. In three of the roots the vascular tissue is band-shaped 
(fasciated) and consists of an unusually large number of protoxylem and phloem 
groups (Figs. I, 2, 3). It will be noted that in the broadest of these steles there are 
no fewer than fourteen protoxylem groups and a corresponding number of phloem 
groups. A camera lucida drawing (Fig. 5) of a part of a stele (Fig. i) shows normal 
pericyciic and endodermai layers and a very regular arrangement in the flattened stele 
of protoxylem and phloem groups. The fourth specimen (Fig. 4) possesses two 



Fig. 5. 


steles, each enclosed by an endodermis and resembling in detail the stele of a typical 
tetrarch root. 

It is natural that one should speculate upon the causes of fasciation and distely 
as exhibited in these roots. A fasciation is said to arise in one of two ways, (d) by 
the fusion of several axes ordinarilv distinct, (h) by the lateral expansion of the meri- 
stemaiic apical cone of an axis; The Caliha roots appear to be of the latter type, since 
they show the following features: outline smooth and without grooves or furrows, 
endodermis continuous and regular (Figs, i, 2, 3), steles symmetrically placed and 
oriented (Fig. 4), It is probable that in the distelic root the steles arose from two 
plerome primordia embedded in a common periblem, whereas in the other cases an 
unusually large number of protoxylem and phloem groups were differentiated from a 
'flattened plerome. ■ 

Church's concept of ^ growth-centres V as quoted by Worsdell,^ is of interest 
here. ‘ In the “ fasciated ”, system^ the centric distribution ..around ,,a' point' (the single 

, ^ WorsdeU4 W. .C.'i The ■ Principles’ of TIant'. Teratology,' '8'7. ' : 'The 'Ray,'.Society,'.' 
London, 1915. . , , 
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growth-centre) is changed for an attempt at similar distribution around a number of 

centres * *. or around a longer or shorter series of such points constituting a line, 
with the result that great disturbances ensue owing to the impossibility of normal 
uniform growth expansion in such a system/ In these abnormal Caliha roots^ how¬ 
ever, it can scarcely be maintained that departure from centric distriblition around a 
single growth-centre has been accompanied by ' great disturbancessuch as ordinarily 
characterize fasciation phenomena. 

In regard to the physiological cause of fasciation , in these roots a suggestion 
made by various investigators of fasciation phenomena is adopted. It is probable 
that, at certain critical stages in the development of the root primordia, superabundant 
nutrition induced the formation of abnormal growth-centres. Lopriore and other 
investigators have produced fasciation in roots of bean seedlings by amputating the 
tip of the radicle, and in stems by excising the main axis of the plumule. Brannon ^ 
describes fasciated shoots obtained from stumps of cottonwoods and willows. It has 
been shown by Reed ^ that wounding may divert food supplies so as to produce super¬ 
abundant nutrition in certain parts and a consequent abnormal growth of those parts. 
That wounding was the immediate cause of fasciation in Caliha roots is scarcely probable, 
in view of the symmetry constant throughout considerable lengths. Nor can iatten- 
ing of the stele be ascribed to external pressure, because, although the stele is flattened, 
the root as a whole is not necessarily so (Figs, i, 2). Worsdelfs suggestion that 
fasciation is probably a pathological condition can scarcely be accepted in the case of 
these Caliha roots. According to Worsdell (loc. cit., p. 95), a pathological condition 
is * stimulated to appear by the presence of superabundant nutrition, which produces 
a subtle diseased condition, thus giving rise to a hypertrophied growth which destroys 
the balance of the organism Judging by the appearance of the roots of Caliha the 
balance of the organism has not been destroyed however; although presenting unusual 
structural features these roots appear to be physiologically normal and well balanced. 

E. H. MOSS. 


Botanical Laboratories, 
Oniv'ersity of Alberta, 
Edmonton, Canada. 


THE DRY-MEEDLE METHOB OE MAKING MONOSPOROUS CULTURES 
OF HYMENOMYCETES AND OTHER FUNGI,—Students of mycology and phyto¬ 
pathology frequently find it necessary to cultivate certain species, of .fungi from single 
spores. , The procedure employed for isolating and germinating' the individual spores 
.should permit'of the work' being performed simply, rapidly, and with perfect accuracy. 

'■-'The poured-plate method, used so generally, by bacteriologists, ^ has ofte'n been 
■employed,'in mycological inve,stigations. ■ While'Satisfactory in some 'respects, it falls, 
■'far short.of perfection; .for it is slow and cumbersome,, and if the medium used for 
germinati,ng, ''the spores is not perfectly clear there is always the possibility, , when the 

,'' Fasciation, , Bot. Ga^y'lviii. 518-26,'191^,,..', 

' 2 Reed, T, r Some Points in the Morphology and Physiology of FasciatedBeedllngs.' , Ann. 'BGt., 

'XXVI 389-402, 19,12,' ■ ■ 

3 'F .■.■■■' 



792 


Notes, 


transfer is being made from the Petri dish, that the mycelium taken up may have 
been derived from more than one spore. Furthermore, if one requires to sow a spore 
of particular size or shape, the poured-plate method is of little or no value. 

Edgerton^ has described a method of isolating a particular spore from a 
liquid medium by means of a small capillary tube suitably attached to the substage 
of the microscope. The upper end of the tube is sealed, while the lower end is 
drawn out to a fine point. This point is lowered carefully until it comes in contact 
with the spore, whereupon a small drop of ether is placed on the upper closed end 
of,the tube, thus causing the spore to be sucked up into the tubes interior. By 
gently heating the tube with a small flame, the spore, together with the liquid in 
which it is enveloped, is then driven from the tube and deposited upon the medium 
on which it is to germinate. Recently, Roberts “ has suggested certain improve¬ 
ments which might be made to this apparatus, particularly in respect to the adjust¬ 
ment ,pf the capillary tube to the substage. 

While working with certain species of the genos Cofirmus, the following method 
.of making monosporons cultures from particular spores was devised. It is simple 
and accurate^ and yet permits of the cultures being made very rapidly. No apparatus 
is required, other than that which is to be found in every mycological laboratory. 

If a sterilized glass slide Is placed under a fruit-body, such as that of Coprinus 
skrqmlmm, which is rapidly shedding spores, a suitable spore-deposit may be 
obtained in from one to two minutes. An examination of the slide under the micro¬ 
scope will show that the spores are well separated from one another, thus making 
the selection of individual spores a comparatively sim'ple matter. The slide should 
be kept in a sterile Petri dish until required. If sp’ore-deposits of this kind have not 
been procured, and fruit-bodies are nbt available,- a relatively thicker spore-deposit 
which has been taken on a glass slide for o’rdinalry cultural purposes may serve 
equally well, as certain spots in it wil’i generally be found where the spores are suffi¬ 
ciently separated from one another. 

A number of Petri dishes should be fitted up with ring-cells and cover-slips 
(Fig. i), as described by Dhggar.^ A large Pefri dish, 14 cm. in diameter and 
2 cm. high, has been found to be very si3^table for this work. In the bottom of the 
dish is placed a sheet of filter-papter, in which ten circular holes have been cut. In 
each hole a ring-cell, 17 mrh. in diam’eter and 10 mm. high, is inserted, and cover 
slips (without vaseline) arC' placed on the topte of the ring-cells. The whole is then 
sterilized in hot air. When* coolj a little water , is poured over the filter-paper, and 
a drop of the germinating medium' is touched to the bottom of each cover-slip, 
A'Petri dish fitted up in the manner described is shown in section, in Fig. i, A, and 
in surface view in Fig. i, b. 

When^ single, spores are to be' isolated, a slide bearing a spore-depqsit' is placed 
under the low power^ of the microscope, and moved about until a spore 'of the required 

^ Edgertoa, C. W.A Method of pickiag wp,Single Spores.. 'Phytopathology, voL iv,. 
No.'2, pp., 115™ 17. 

® Roberts, J. W. ( 19 * 23 ) : A Method of isolating Single Spores. Ibid., vol. xiii, No, S2, 

pp. ^ 

® ,I>uggar,'B. M. (laoa)': Fongus 'I>l'.s.eases’ of Plants, ':Ne,w',,irbrk^^ 
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'i.'i' i or size is brought into the centre of the field. Then, holding a fine sewing- 
eed.e, such as is shown in Fig. i, c, between the thumb and forefinger of the right 
an'\ the point is lowered slowly downwards until it comes into contact with the 
spore. When touched, the'spore leaves the glass slide and adheres readily to 
' leedle'-point^ Fig* 2 represents a small portion of a glass slide bearing spores of 



i*iG. I. ' A, and B, a Petri'dish slio\’ra in section and in surface view respectively. The ring-cells 
fire »r in holes in a sheet of wet filter-paper,. The cover-slips ■ in A bear' hanging drops of agar. 
€5 i’ j^;:!edle used for making monosporons,cultures. D, an agar spade, used, for transferring hanging 
containing mycelia from' ring-cells to poured plates, .a, b, and D, reduced to 2/5 ; c, natural 

V. 

f 

"^^Dpfinus Uerquilinm sulliciently separated .from'one, another to permit'of any 'Otie of 
being easily picked up'without danger'of touching any .of. its''fellow,s. The' 
needle-point shown-in this'figure is drawn on'the same scale as the, spores, aB,d has 
a si%Ie spore adhering to its point '■ When the spore, is ■ seen to be'"/'Separated' from 
ihfiiLde and' to be attached securely to" the needle-point^ it is'Transferred' to 'the ' ger- 

. ' 3' F 2 ;' 
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minating medium simply by touching the end of the needle to the drop on the lower 
side of one of the cover-slips. By examining the drop under the iiiicroscope^ the 
spore is quickly located; and thus a final and absolute proof is obtained that the 
particular spore selected on the slidcj and no other, has been transferred to the drop. 
With a little practice^ spores may be picked up very rapidly. With Coprinm sterqui- 
linus, for example, ten monosporous cultures were made without difficulty in ten 
minutes. 

Later on, when germination has taken place, the mycelium is removed from the 
cover-slip to a plate of sterile agar or gelatine. A platinum loop may be employed 
in making this transfer, but the best results have been obtained by using a piece of 
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safety-razor blade about i cm. wide, placed in the end of a wooden handle, as shown 
in Fig. I, D. With this little instrument, which may be called an agar spade, the 
young mycelium can be removed from the cover-slip without injury. I have found 
by''experience that the use, of the agar spade in^ the , manner just described ' greatly 
increases the chance of making transfers successfully. 

The adhesion of the spore to the needle-point does not seem to be an ordinary 
electrical phenomenon, as spores deposited on a thin brass plate were picked up 
,wlthout, difficulty, although'both plate and'needle were grounded by'means of''.fine' 
copper wires. The amount of moisture in the atmosphere also seems to be of no 
consequence, as spores could be picked up equally well in a dry or saturated atmo¬ 
sphere. Spores'\'seem:to';behave,:exacdy,'fflbe^smaihpardc^es ofiglass,\wbd^ 
for these, when touched, also attach themselvfes readily to the needle-point. This ■ 
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^ property of adhering to other objects^ with which very small objects are endowed^ in 
all probability is due to the fact that very small objects possess a very large surface 
relatively to their mass, in consequence of which the force of adhesion becomes of 
great importance relatively to the force of gravitation. In some instances the spores 
could be moved about on the slide without becoming readily attached to the needle™ 
point; but, even under these conditions, it was ahvajs found possible to pick up any 
required spore after a few trials. 

Cultures of a number of species have been successfully made with the dry-needle 
method. Of these species the following may be mentioned: 


Coprinus sierquiliniis 

Coprinus cordisporous 


siercoraritis 

„ airameniarius 


lagopus 

„ Mosfrupianus 

jj 

curtus 

Fanaeolus campanulaius 

j? 

ephenwus 

Siropharia semiglohaia 

3 > 

nivms 

JBolbiiiuSj sp. 


While all of these species belong to the Hymenomycetes, there is every reason to 
believe that the dry»needle method might be employed with equal success in dealing 
with other groups of the Basidiomycetes, as wreil as with many of the Ascomycetes. 

Summary. 

A dry-needle method of making monosporous cultures of Hjmienomycetes and 
other fungi has been described. The method is at once very simple, very rapid in its 
application, and extremely precise. Relatively to the poured-plate method, when it 
is necessary to make numerous cultures, it effects a considerable saving of time and 
energy and gives: Miable,:results.^ ■ 

The dry-needie method w'as devised during the course of certain mycological 
researches carried out in the Department of Botany at the University of Manitoba. 
The work w^as made possible by a research scholarship granted by the Canadian 
Society of Technical Agricuiturists. The writer wishes to express his indebtedness 
' to Professor A. H.'R. Buller for his valuable'suggestions and stimulating criticism*' 

W. F. HANNA.", 


/■STOMATA. AND PHYLOGENY.—-In Hutchinson’s last paper of his' series 
on'the:Phylogenetic Classification of Flow^ering Plants (Kew Bull, ,1924, pp. ■114*^3,5) 
he'calls; attention to the fact that many arborescent families, in contrast to herbaceous 
ones,"are characterised by having stomata' with, subsidiary cells parallel to the pore. 
To^quote,'';(p.:''i'i9');', ' 

, It'is/sIgn;ifi'Cant, however,, that 'many-'very' natural families"'Ute- either entirely 
woody or tetirely'herbaceous. ,- 'Examples of the ioim^r 

and, Lauracem^ &C'.;'' of the ■ latter, ■ ^anuncukcemi P&paveraeem] and-' 'Cruciferae. And 
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in the rather primitive groups, at any rate, the ditFerence in habit is accompanies 1 hf 
a marked difference in the structure of the stomata; in the woody group th -i ( 
cells are usually accompanied by special subsidiary cells parallel to the pore, li-lsi h, 
the early herbaceous groups the guard-cells have no special subsidiary ceb;* ’•'* 
difficult to suggest just what the significance of this different type of stoma n r? n* 

Of course in more advanced groups the two types are often found in the salt ' Ij?-'!!; 
the elements of which are brought together perhaps by parallel evolution. ’ /i '::is , 
significant that large natural families such as the ligneous Ruhiaceae she ‘.4 vc 
a, characteristic type of stoma/ . 

The writer of this note has independently been struck with this type 
from the phylogenetic point of view, and in his paper on the Stc>bilus ^ .eo! y « 
Angiospermous Descent, submitted to the Linnean Society of London in I? 

1922, he offered some remarks on the subject. The paper appeared in abs*. act on!/ 
(see Proc. Linn. Soc., 1923, pp. 5i'~65), and the part relating to stomata wai" 

With the kind permission of the Council of the Society, this paragraph is herev'lib 
reproduced from the original manuscript. In the light of Hutchinson's observiUiofiS, 
set forth above, it may be of some interest to botanists. Y 

minor point connected with stomata is perhaps here worthy of nc*Jcc^ ar 
favours' the Bennettitean part of the Strobilus Theory. Thomas and Bancro't^ lii dici' 
paper on the cuticles of Cycadean Fronds [Trans. Linn. Soc,, 1913, viii. i 

show that the Bennettitales possessed a pair of subsidiary cells parallel to l|}C! 
cells' of the stoma, which they think may have .been cut off from the original 
mother-cell In the Nilssoniales and the recent Cycads they find subsidiary)' cellfi of 
a different character; six or more in number occur, more or less radially 
round the guard cell. They point out that the Gnetales have a type of wtelAwy 
cell similar to that of the Bennettitales; but they do not institute any coiiip&iifoii 
with the Angiosperms. This, however, is interesting, for the MagnoHaceae md 
families have a pair of subsidiary ceils parallel to the guard cells or pore of tl^fs rto: 
as it is sometimes expressed. Such a feature in- common between the Ma^sliacwv 
and' the Bennettitales would be trivial, if it stood alone; but taken along with'the 
points of agreement, it may have significance. At any rate, within the Angiotpcwii 
themselves this kind' of subsidiary cell, sometimes called, the ' Rubiacebiii^ lype^ 
promises, to, be of some value in, the tracing of .affinities. ■ But a word of wariit!n| i| 
necessary. The development of these subsidiary ceils must be'followed in »ch 
to seo'whether'they be true or false. Ordinary epidermal cells' may in some c.ips' 
simulate true subsidiary cells by arranging themselves parallel to the pore/ ‘ f r. 

■,■■■■.PARKIN. ' , 

" ,1; > * 

'BUA'ItifWAITE, WlGTON, CUMBERLAND 

'i", . ■ 
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